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Agrobacterium-mediated transformation of Syrian maize with anti-stress genes 
Ayman Almerei 
Abstract 
Agrobacterium is widely considered, when suitably modified, to be the most effective vector 
for gene transfer into plant cells. For a long time, many cereals crops (monocotyledonous 
plants) were recalcitrant species to genetic modification, mainly as a result of their 
recalcitrance to in-vitro regeneration and their resistance to Agrobacterium infection. 
However, recently Agrobacterium-mediated transformation has been used to transform 
monocot crops such as maize (Zea mays) but with severe restrictions on genotype suitability.  
This study was carried out to evaluate the transformation amenability of 2 Syrian maize 
varieties and 2 hybrids in comparison with the hybrid line Hi II by the Agrobacterium 
tumefaciens-mediated transformation technique using a callus induction based system from 
immature zygotic embryos IZEs. A. tumefaciens strains EHA101, harbouring the standard 
binary vector pTF102, and the EHA105 containing the pBINPLUS/ARS:PpCBF1 vector were 
used.  
The effects of genotypes and the size of IZEs explants on callus induction and development 
were investigated. Results showed that callus induction and subsequent callus growth were 
significantly affected by the initial explant size. Calli induction from IZEs explants sized 1.5-
2.00mm was 76%. Callus weight however decreased to 8.2g, compared with 11.7g of callus 
derived from IZEs >2.00mm. Callus induction ranged between 73.6-78.9% for varieties and 
hybrids respectively. Calli derived from varieties weighed significantly more than those 
initiated from the hybrids. 
Results demonstrated that Syrian maize genotypes were efficiently transformed via the A. 
tumefaciens strains but there was variation in transformation frequency. A transformation 
frequency of 3.7-4.2% was achieved for hybrids and varieties respectively confirming that 
the transformation frequency was genotype-dependent. The transformation frequency 
averaged between 3.2-5.6% for the EHA105 and EHA101 respectively. Fertile transgenic 
plants were regenerated from mature somatic embryos with an average regeneration 
frequency of 59.2 and 17% respectively for varieties and hybrids. Transgenic seeds of R0 
and R1 progenies were produced from 74% of the outcrosses attempted and more than 98% 
of transgenic plants were normal in morphology. Fertile transgenic maize plants carrying the 
transferred gene CBF were produced using the Agrobacterium EHA105/PpCBF1 and these 
plants were shown to be more salt tolerant. Transient expression of the GUS gene was 
confirmed in transgenic calli, shoots, leaves, roots and floral parts of transgenic R0 and R1 
progenies using histochemical GUS assays. The presence of the introduced bar and CBF 
genes in the genomic DNA of the transformants was confirmed by the PCR amplification. 
Further, the stable expression of the CBF and bar transgenes in the maize genome of 
transgenic R1 progeny was confirmed by qRT-PCR.    
The transformation protocol developed using an A. tumefaciens standard binary vector 
system was an effective and reproducible method to transform Syrian maize with an anti-
stress gene in which fertile salt-resistant transgenic plants were routinely produced. This 
approach has great potential for development of Syrian maize breeding programmes for 
abiotic stress resistance for application in many areas in Syrian maize production.
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1.1 Introduction 
Maize (Zea mays L.) is one of the most important agronomic crops in the world. 
It is considered a basic source of energy and protein for half the world's population 
(CIMMYT 2002). The kernel provides feed, food and a resource for many unique 
industrial and commercial products such as: starch, fiber, protein and oil. On a 
worldwide scale, it occupies the first place in terms of production and shifted from the 
third place after wheat and rice in terms of farming area during the period 2004-2006 
to second place after wheat in 2013 (FAO 2013). In Syria it is in third place after 
wheat and barley, and the area planted with maize reached 70.86 thousand hectare 
in 2008. The crop yielded 281.34 thousand tonnes giving an average of 3.97 t ha-1 
(Anonymous 2008). But, the yield dropped from 4.38 t ha-1 (2009) to 3.65 t ha-1 in 
2013 according to the Food and Agriculture Organization of the United Nations (FAO) 
statistics (FAO 2013).    
The importance of maize in Syria has increased steadily because of the demand 
for fodder to meet the needs of animal production which in turn has witnessed 
development in recent years especially in respect to poultry and cattle. Maize grains 
represent 70% of poultry fodder, and it has the richest energy reserves compared to 
other grains (1kg maize grains has 3200-3300 Calories) (Alfares and Alsaleh 1991).  
The Syrian demand has reached nearly 1 million tonnes of grain annually; however 
the local output does not meet 25% of the need. The maize area planted in Syria has 
increased from 5 thousand hectares in 1966 to 60 thousand hectares in 1990 until it 
reached nearly 71 thousand hectares in 2008 (Anonymous 2009). 
The yield of maize in the Syrian region is still low (4.0 t ha-1) compared with other 
Arab countries that are advancing in growing maize such as Egypt, 8.53 t ha-1, or 
 Introduction and literature review  
 
2 
 
other advancing countries around the world such as USA 10.99 t ha-1 (FAO 2013). 
Local Syrian research efforts have been trying for more than 25 years to find 
varieties, lines and hybrids, which can meet the increasing need for maize. Social-
economic circumstances play an important role in this matter as well as the 
adaptability of genotypes to the environmental circumstances in the planted areas 
(Anonymous 2009). Furthermore, the climate conditions experienced by the Syrian 
agro-climatic region especially the scarcity of water and high temperatures are major 
production constraints in large areas in Syria irrespective of agronomic practices 
during its growth. The wrong agricultural practices and the lack of agricultural 
awareness among farmers who needed training programmes are considered two of 
the most important challenges of maize breeding facing the local farmers in many 
areas in Syria. Farmer training programmes should be conducted by researchers 
and extension workers to provide local farmers necessary information needed to 
increase yield while conserving soil and water resources and germplasm. These 
constraints have stepped up local Syrian research efforts to find varieties, lines and 
hybrids, which can meet maize needs for the far future. Since maize adapts easily to 
a wide range of production environments, it is anticipated that it will fit well into the 
cropping system in many locations of Syria. 
Most maize in Syria is cultivated as an autumn crop after the main winter cereal 
or sorghum crop and suffers from a high frequency of drought stress during silking, a 
stage which is very sensitive to water deficits. Since the region suffers from  drought 
and due to the insufficient availability of irrigation waters, it is inevitable for plant 
breeders to look for genotypes of maize that can withstand drought, especially since 
the effect of drought is genotype dependent (Zarco-Perello et al. 2005). Drought 
limits agricultural production by preventing crop plants from expressing their full 
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genetic potential (Mitra 2001). The importance of heritable alteration made possible 
by new emergent plant breeding technologies to produce genotypes of yellow maize 
tolerating stressful conditions are crucial to this success. Genetic transformation 
using direct or indirect methods offers an effective means to integrate the beneficial 
genes from wild relatives into crop plants for production of genetically altered plants. 
Agrobacterium tumefaciens (A. tumefaciens) mediated transformation is 
considered as an efficient and indirect method to transfer recombinant DNA into 
plant genomes through the interaction between bacterial and host plant cells (Ke et 
al. 2001; Cardoza and Stewart 2004; Bourras et al. 2015). This transformation can 
be highly efficient and is used to transform most cultivated plant species (Cardoza 
and Stewart 2004). It is a unique model system as well as a major biotechnological 
tool for genetic manipulation of plant cells (Tzfira et al. 2002). However 
“Agrobacterium- mediated genetic transformation of cereals has been largely 
confined to particular genotypes that combine the amenability to gene transfer by 
Agrobacterium with adequate regeneration potential” (Hensel et al. 2009).   
Although many plant species can be transformed and regenerated using 
Agrobacterium tumefaciens, there are many important species or genotypes that 
remain highly recalcitrant to Agrobacterium-mediated transformation. 
Monocotyledonous crops are generally considered recalcitrant to in-vitro 
regeneration and show resistance to Agrobacterium infection  and as a consequence 
have been comparatively difficult to transform by Agrobacterium-mediated 
transformation (Sahrawat et al. 2003; Trigiano and Gray 2011; Mehrotra and Goyal 
2012; Cho et al. 2015). Most of these species are strategically important crops and 
grown increasingly in developed countries. In Syria, a high percentage of the 
acreage of such economically important crops including wheat, barley, cotton and 
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corn is susceptible to abiotic stress. Thereby, most of these varieties required to be 
transformed with anti-stress genes to resist the abiotic stress and to become 
promising crops in sustainable agricultural systems in these regions. Transgenic 
varieties can be generated by Agrobacterium-mediated transformation but, the T-
DNA integration and regeneration of transformed plants in many instances may 
remain the limiting step to the genotype to be transformed. However, Agrobacterium 
can transiently transform a number of agronomically important species such as 
maize and soybean (Ke et al. 2001; Mamontova et al. 2010; Ombori et al. 2013; 
Vaghchhipawala and Mysore 2014; Benzle et al. 2015) and perhaps the major 
challenge is to transform efficiently with stable, durable traits. 
There still remain many challenges facing the transformation of many crops 
depend on the genotype-independent transformation. This restricted genotype 
limitation severely limits the wide use of this technique. At the beginning of this 
project, it was not known whether or not Syrian maize varieties have suitable 
transformation ability or which genetic transformation methods are the most 
appropriate for local genotypes to be transformed with anti-stress genes and thereby 
acquire improved stress resistance. The important initial question therefore is, can 
Syrian maize genotypes be transformed via Agrobacterium tumefaciens-mediated 
transformation?  If this can be overcome, then secondly, can important anti-stress 
genes be transferred and expressed in Syrian maize genotypes and confer a degree 
of improved stress resistance. 
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1.2 Literature review  
1.2.1 Origin of maize; emergence and development   
Maize has historically been an important focus of scientific research- how it 
originated, what its ancestors were, how different landraces are related to one 
another and what was the origin of this economically important food crop have 
attracted a lot of attention (Smith 2001; Staller et al. 2006). 
Staller (2010) mentioned that Mangelsdorf and Reeves (1931, 1939) initially 
asserted that domesticated maize was the result of a hybridization between an 
unknown pre-Columbian “wild” maize, and a species of Tripsacum, a related genus. 
Alternatively, the “Tripartite Hypothesis” later supposed that Zea mays L. evolved 
from a hybridization of Z. diploperennis by Tripsacum dactyloides (Iltis et al. 1979; 
Eubanks 1997). Others, however, believe that maize developed from Teosinte, 
Euchlaena mexicana (Schrad), an annual crop that is possibly the closest relative to 
Zea mays as both have ten chromosomes which are homologous or partially 
homologous (FAO 1992).  
“Maize”, the American Indian word for corn, means literally “that which sustains 
life” (FAO 1992). It is believed that the origin of diversity for maize is Mexico, where 
its closest wild relative, teosinte (Zea mays ssp. parviglumis), also grows. Its 
cultivation spread out of central Mexico rapidly to many areas in the context of 
regional trade and exchange networks, and subsequently farmers selected and 
adapted maize populations to thrive in new environments. One of the greatest 
accomplishments of plant breeding is the domestication and diversification of maize 
by Mesoamerica indigenous farmers (John et al. 2010). At the end of the fifteenth 
century, when the American continent was discovered, maize was introduced into 
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Europe through Spain (FAO 1992). It then spread to the Mediterranean where the 
warmer climates prevailed and later to northern Europe. Maize is now grown over a 
wide latitudinal range from 58° N in Canada to 40° S in the Southern Hemisphere. 
Moreover, it is harvested in regions at altitudes of more than 4,000 m in the Peruvian 
Andes and in other regions below sea-level in the Caspian Plain (FAO 1992). 
Thereby, there are genotypes of maize can be grown in most agricultural regions of 
the world.  
1.2.2 Maize Classification 
Maize is the best characterized species in the plant family Gramineae which 
contains about 10,000 species, including many of agronomic important crops (e.g., 
wheat, oats, rice, sugarcane and maize) (Arumuganathan and Earle 1991) . Maize is 
an outcrossing and presumably ancient polyploid (2n=20), and has 10 chromosomes 
and the combined length of the chromosomes is 1500 cM (Gottlieb 1982). Maize is 
an annual tall plant with an extensive fibrous root system (FAO 1992) and is 
distinguished by the separation of the male reproductive organs (tassels) from the 
female flowers (ears) on the same plant. This helps to maintain cross-pollination. 
Each maize plant often produces one cob (ear) where the grains develop and each 
ear has about 300 to 1000 kernels, weighing between 190 and 300 g per 1000 
kernels, in a variable number of rows (12 to 16) depending on the genotype (FAO 
1992). Grain weight depends on genetic diversity and on environmental and cultural 
practices such as plant density (Sangoi 2001) and growth model (Boote et al. 1996; 
Mahajan and Chauhan 2011). The chemical compounds deposited or stored in the 
kernel vary between genotypes and the colour of kernels is often white or yellow, 
although there are a number of grain types which are black, red and a mixture of 
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colours (FAO 1992). Even the distribution of plant dry weight components may 
change, but typically the dry weight components of the plant consist of 1.8% dried 
flowers, 14.7 to 27.8% stalks, 7.4 to 15.9% leaves, 11.7 to 13% husks, and 9.7 to 
11.5% cobs (FAO 1992). However, the grain makes about half of the dry weight of 
the plant and the other half is made up of plant residues (excluding roots) according 
(Barber, 1979 cited by FAO 1992). 
  Maize has an ability to adapt and reproduce in a wide variety of environmental 
circumstances (Matsuoka et al. 2002). Its great adaptability and flexibility are 
evidenced by the fact that today it represents the second most important food plant 
on earth and its current distribution is worldwide (John 2010). Moreover, there are 
many forms of maize, used for food, sometimes these have been classified as 
various subspecies related to endosperm traits and the amount of starch each has: 
 Flour corn (Zea mays var. amylacea). 
 Popcorn (Zea mays var. everta). 
 Dent corn (Zea mays var. indentata). 
 Flint corn (Zea mays var. indurate). 
 Sweet corn (Zea mays var. saccharata and Zea mays var. rugosa). 
 Waxy corn (Zea mays var. certain). 
 Amylo maize (Zea mays ssp. amylo- saccharata). 
 Pod corn (Zea mays var. tunicata). 
 Striped maize (Zea mays var. japonica). 
Maize is an important model organism for genetics and developmental biology 
(Brown 2009).  
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1.2.3 Environmental requirements of maize plant 
1.2.3.1 Light 
The amount of intercepted solar radiation, water and nitrogen supply, 
temperature and radiation intensity, that limit physiological processes are essential 
factors for the yield potential of maize (Birch et al. 2003). The production, retention 
and function of green leaf area are fundamental to radiation interception and capture, 
and thus plant growth. 
On the other hand, the radiation use efficiency (RUE) affects maize grain yield 
through the variations in ear growth rates (EGR) at stage of post-silking, which 
depend on variations in RUE post-silking (Cicchino et al. 2010).  
1.2.3.2 Heat 
Temperature affects both growth and development processes. However, the 
optimum atmospheric temperature differs among growth processes. Both low and 
high temperatures lead to decreases in the rate of growth and development 
processes and final leaf size. Moreover, temperatures below 8°C (or 0°C after 
silking) or above 40°C usually cause a ceasing of crop development (Birch et al. 
2003). 
Cicchino et al. (2010) reported that heat stress (>35°C around noon) around 
flowering has negative effects on maize grain yield. High temperatures during pre-
silking have caused (i) a larger delay in silking date than in anthesis date, (ii) an 
increase in male and female sterility, and (iii) a reduction in plant and ear growth 
rates (EGR) and leaf area index. In addition, heat stress represents a physiological 
determinant of grain yield through a decrease in the radiation use efficiency (RUE) 
around silking, and depression of harvest index (HI). 
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1.2.3.3 Water supply  
The water requirement of any crop is very much dependent on the prevailing 
environment (temperature and humidity) in which it is grown. Maize requires 500-800 
mm of water during its life cycle of 80 to 110 days (Critchley and Siegert 1991). As 
well as this, water requirement of maize at the time of tasselling is 135 mm/month 
(4.5 mm/day) and this requirement may increase up to 195 mm/month (6.5 mm/day) 
during hot windy conditions (Jamieson et al. 1995). On the other hand, over-irrigation 
close to tasselling and silking causes waterlogging which has damaging effects 
leading to reduced yield (Anonymous 2010). However, it is important for irrigated 
maize to have adequate water during this time and also during grain filling to achieve 
its full potential yield. Maize is neither drought adapted nor waterlogging tolerant, 
although, it is sometimes grown under rainwater harvesting (Critchley and Siegert 
1991). 
Rainfall limitations are expressed through seasonality and variability in both time 
and amount of rainfall received. It is one of the most important limiting factors for 
dryland maize production in areas which have winter dominant rainfall where water 
supply depends on rainfall stored in the soil during a fallow period and rainfall during 
winter. This is of particular importance to maize production, since maize has a large 
total water requirement and is more susceptible (sensitive) to water stress, especially 
during flowering and grain filling period than some crops such as beans, sorghum 
and soybean (Critchley and Siegert 1991). Jayasree et al. (2008) state that there is a 
significant positive relationship between Water Requirement Satisfaction Index 
(WRSI) and yield. Often the yield decreases when irrigation is ceased during the 
reproductive phase. 
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Development of high yielding maize varieties under drought conditions could be 
a suitable method to cope with limitations of water shortage. 
1.2.4 Maize agronomy  
Planting time affects crop yield principally through the effect of environmental 
conditions (especially temperature and day length) on canopy production and crop 
development processes. Itabari et al. (1993) have referred that soil water content, 
depth of planting and their interaction have significant effects on final germination 
and emergence. Furthermore, increasing depth of planting by 1 cm, or decreasing 
soil water content by 1% increases the thermal time required for emergence by (2.8 
and 3.2) degree days- °Cd respectively. 
Maize is sown in Syria for grain yield production from the middle of April to the 
start of May as the main crop, or in June after principal winter crops for fodder or for 
fresh consumption. It is grown at plant distances of 75 cm between rows and 20-30 
cm between plants, at 45 to 75 thousand plants per hectare (Anonymous 2010). 
Sometimes, it is grown in combination with other crops such as beans (Phaseolus 
spp.), squash (Cucurbita spp.), and chilli peppers (Capsicum spp.). 
1.2.5 Plant density 
Plant density is one of the most important cultural practices determining grain 
yield, and other important agronomic attributes. But, there is no standard 
recommendation for all conditions because optimum density is dependent on 
environmental factors as well as on controlled factors such as soil fertility, genotype, 
water supply, planting date and planting pattern. 
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Maize is more sensitive to variations in plant density than other agronomic crops 
of the grass family. Maize population for economic grain yield varies from 30,000 to 
over 90,000 plants per hectare depending on water availability, soil fertility, maturity 
rating, planting date and row spacing (Itabari et al. 1993; Sangoi 2001). When the 
number of plants per planted area is increased beyond the optimum plant density, 
the grain yield is affected through the phenomenon of detrimental barrenness. 
Similarly, ear differentiation is delayed in relation to tassel differentiation due to high 
plant density. “Functional florets also extrude silks slowly, decreasing the number of 
fertilized spikelets due to the lack of synchrony between anthesis and silking” 
(Sangoi 2001). In addition, there are fewer spikelet primordia transformed into 
functional florets by the time of flowering leading to reductions in the ear shoots 
growth rate.  
Liang et al. (2010) mentioned that there were significant differences in yield 
between different plant densities for three tested maize hybrid combinations and the 
optimum plant density was 63 thousand plants per hectare  (6.3 plants m-2 ).  
1.2.6 Nutrition 
Maize needs large amounts of nutrients, especially when it is planted for silage; 
it exhausts soil nutrient reserves excessively. However, it is a C4 cereal crop, which 
is high yielding for total dry matter.  
1.2.6.1 Nitrogen 
For high yielding maize crops, adequate nitrogen supply is needed as one of the 
three key resources needed. Typically, 22-27kg nitrogen is required per tonne of 
grain produced, approximately 12-16kg, of which is in the grain, and the remainder in 
the residue (Birch et al. 2003). Vos et al. (2005) studied the nitrogen supply effect on 
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leaf area production and photosynthetic capacity in maize and their results have 
confirmed that the canopy, and thus the radiation use efficiency were affected greatly 
although, leaf appearance rate and the duration of leaf expansion were unaffected. 
However, the nitrogen limitation has an effect on leaf N content, photosynthetic 
capacity, and ultimately radiation use efficiency more than leaf area expansion and 
solar interception. Maize cultivation after dual-purpose legumes is recommended for 
improving productivity, profitability, nitrogen use efficiency and soil fertility leading to 
sustainability of maize cropping systems (Sharma and Behera 2009). Sharma and 
Behera (2009) have mentioned that growth and production of maize following 
summer legumes was improved compared with that after fallow. Also, there was a 
saving of N to the extent of 37-49 kg ha-1 with cowpea and green gram, since the 
response of maize to N fertilizer rates was increased. 
The relationship between yield and fertilizer levels is linear up to a point and the 
application of fertilization at 250 kg nitrogen and 15 kg zinc per hectare at a plant 
density of 99900 plants ha-1 has shown the best results for yield according to 
(Muhammad et al. 2010). These results clarified that the application of zinc 
accelerated tasselling and silking of maize, but the application of nitrogen had no 
significant effect on either.  
Increasing plant density leads to reduced numbers of ears per plant and the 
length and girth of the ear, while nitrogen application improves them (Saha et al. 
1994). The highest grain yield was recorded by Saha et al. (1994) at a density of 
67,000 plants per hectare and with 60 kg N ha-1 applied. Christopher et al. (2009) 
have clarified that the tolerance of high plant densities is dependent on nitrogen 
application. So, receiving 165 kg nitrogen per hectare, the maize plants planted at 
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optimal and supra-optimal plant densities (79,000-104,000 plants ha-1) respectively 
showed a strong N response, high N use efficiency and evident density tolerance. 
1.2.6.2 Phosphorus 
Soil phosphorus (P) availability commonly limits crop growth, grain yield and 
forage production. Furthermore, P deficiency has been shown be led to a significant 
decrease in grain yield (-11%) and above-ground biomass production (-60%) for 
yellow maize. This was because of the reduced leaf area index, which led to 
decreased amount of photosynthetically active radiation (PAR) absorbed by the 
canopy. P deficiency affects plant growth, especially leaf growth, and photosynthesis 
(Plenet et al. 2000). 
1.2.6.3 Potassium 
Potassium (K) and iron (Fe) fertilization have positive effects on dry weight of 
maize, leaves, shoots and roots. Fe uptake has been increased by increasing Fe 
and K fertilization levels to a certain extent, but elevated K and Fe doses have also 
led to a decrease in the uptake of micro elements (Mn, Zn, Cu and Na) in both roots 
and shoots. In addition, increasing levels of K decreased the macro element 
concentrations of P, Mg, and Ca in both leaves and roots of maize. Furthermore, too 
high a concentration of K may cause competition with Fe (Çelik et al. 2010). 
1.2.7 Maize uses   
Most developed countries have witnessed increasing population densities which 
depend on the agricultural economy to sustain them. As a consequence, there has 
been intense focus on crops that can be intensively cultivated such as maize (John 
2010). Indeed, globally, maize is extensively grown as grain for humans and fodder 
for livestock consumption and it has a role as one of the most important economic 
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staples in the world recently (FAO 2010). Its important economic role in social 
development is at the basis of its development from its wild progenitor Zea mays 
ssp. parviglumis to domesticated corn (Matsuoka et al. 2002).  
The demand of maize crop has been continually increasing and is now a source 
for various products obtained from industrial processes, such as starch, protein, corn 
oil, glucose and food sweeteners. Correspondingly, there are studies at the 
molecular level which have identified the existence of various alleles responsible for 
characteristics such as starch production and sugar content, which are necessary to 
improve the manufacture of maize into flour for human consumption (Whitt et al. 
2002; Jaenicke-Despres et al. 2003). Maize grain has inherently high nutritive value 
as it contains about 72% starch, 10% protein, 4.8% oil, 5.8% fibre, 3.0% sugar and 
1.7% ash (Chaudhary 1983, from Sharar et al. (2003)). Other studies have 
demonstrated that maize grain is rich in its relative nutritional content and it was 
found that 100 g portion contains 1528 KJ energy, 9.4 g protein, 74 g Carbohydrates, 
7.3 g fibre and 4.74g fat from Nutrient data laboratory, United States Department of 
Agriculture (USDA 1992).  
As indicated above, maize can be used as human food, as feed for livestock and 
as raw material for industry. As a foodstuff, there are special varieties of maize 
widely used for sweet corn and popcorn which provide either mature or immature 
whole grains to be consumed by humans. Dent, starchy or floury and flint maize are 
also widely used in foods by dry milling techniques to give intermediary products, 
such as maize flour, maize grits of different particle size, maize meal and flaking grits. 
Immature cobs of corn are widely consumed either boiled or roasted in many 
countries.  
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Maize is used, even in developing countries in which maize is a staple human food, 
as an animal feed ingredient (FAO 2012). In developed countries more than 95% of 
the production is used as feed for livestock (FAO 2012). The green plants of maize 
are used to make silage which is frequently used as a feed in the dairy and beef 
industries. Although the maize plants residues, following harvest of the cobs for 
human consumption, are important as soil conditioners, they have also been used by 
small farmers in developing countries for livestock feed (FAO 1992). The plant 
residues such as the dried leaves, flowers and stalks are used to provide relatively 
good forage to feed ruminant animals owned by many small farmers in developing 
countries. 
More recently maize is being increasing used to produce biofuels such as 
bioethanol (Torney et al. 2007; Hertel et al. 2010) or as a feedstock for bio-digesters 
producing methane to drive electric generators. 
1.2.8 Transforming maize for abiotic-stress (drought resistance) 
Due to long-term trends in global climate change and the expansion of maize 
production in drought-prone regions, the development of drought-tolerant maize 
varieties is of high importance, particularly for maize producers in developing nations 
where local plant breeding improvements are more easily adopted than high-input 
agronomic practices. 
As well as the production under the drought stress being lower than the output 
under the irrigated conditions the quality of droughted maize is also of a lower level. 
Indeed, soil water deficits, especially when accompanied by excessively high 
temperatures, are probably the most common yield limiting factors in maize 
production. Drought severely affects the agricultural production by limiting the 
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genetic potential of crop plants. The integration of beneficial genes from wild 
relatives into the genome of crop plants by genetic engineering is an effective mean 
to produce genetically modified plants, in which genetic recombination events occur 
between the two genomes. 
 Since the mid-1990s the genetic engineering of cereals has provided a novel 
field of opportunities for faster and more directed modification or introduction of 
agronomically useful traits (Repellin et al. 2001). On a worldwide level, there is great 
interest in such heritable altered plants resistant to biotic-stresses (insects and 
diseases) and abiotic- stresses (drought, saltiness and frost). 
Molecular techniques are used to develop strategies to identify anti-stress genes 
and to understand gene expression in responses to drought (Newton et al. 1991). 
Importantly, Newton et al. (1991) indicated that there is a great need to understand 
how genes that respond to drought are integrated into cells and organs. Recent 
advances in molecular biology provide technologies that can help researchers 
understand gene expression and physiological responses in both "model" plants 
such as Arabidopsis, and in crop plants such as maize, wheat, rice and barley. 
Several genes have been identified which can increase the durability of a plant 
against drought and saltiness such as DREB 1B/1A/2A, CBF/DREB1, APX and SOD 
and these genes have been isolated from several plant species, sequenced and 
homologues created which are available to be inserted into desirable plants by 
transformation technologies. Genetic transformation can take place by use of the 
gene gun (Mitra 2001; Harwood and Smedley 2009), or by using Agrobacterium 
(Quan et al. 2004b; Wang et al. 2005; He et al. 2010), and by use of other 
technologies including the small interfering RNAs (siRNAs) system (Bart et al. 2006; 
Chapter 1 
 
17 
 
Liu and Zhu 2014) and genome engineering technology via the CRISPR/Cas-based 
gene editing (Shan et al. 2013) and gene replacement (Li et al. 2013; Schaeffer and 
Nakata 2015; Bortesi and Fischer 2015) to obtain altered plants which can be used 
in breeding programms to produce potentially high yielding, drought resistant 
genotypes. These technologies have very recently become the gene editing 
technique of choice due to advantages in efficiency in genome editing and RNA 
interference (RNAi) and RNA antisense which reduce gene transcript abundance 
and ability to cleave methylated loci (Hsu et al. 2013; Belhaj et al. 2013). There are 
various types of siRNAs which involve non-coding RNAs (ncRNAs) and their final 
product function leads to gene silencing (Jin and Zhu 2010). Castel and Martienssen 
(2013) have recently demonstrated the functional roles of nuclear small RNAs in 
abiotic and biotic stress responses and in plant development. 
Production of maize varieties that can withstand or are resistant to the scarcity of 
available water is important to increase the yield under stress conditions. Sangoi 
(2001) emphasized that the mean yield is the main criterion for advancement, 
through the hybrid yield test programs, and the important component is the stability 
of yield across a range of environments. It is necessary therefore that these altered 
plants should be grown in different areas, and the mean yield calculated, as 
"Selection based on performance in multi-environment trials (MET) has increased 
grain yield under drought through increased yield potential and kernel set, rapid silk 
extension, and reduced barrenness, though at a lower rate than under optimal 
conditions" (Campos et al. 2004). 
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1.2. 9 Water deficit and drought effects on yield 
Severe water deficit is considered critical especially if it occurs at a sensitive 
stage of plant life such as the flowering stage, not only if the plant is in the height of 
growth, but also if the roots are unable to secure sufficient water from great depths. 
Drought stress affects directly the kernel water status, and drought during grain filling 
decreases final kernel mass in maize. Westgate (1994) showed that drought stress, 
after final kernel number was established, decreased endosperm and embryo mass 
by 16% compared with controls. Also high water deficit after anthesis shortened the 
duration of grain filling and limited kernel development by causing premature 
desiccation of the endosperm and by limiting embryo volume. As a result, drought 
stress or an unfavourable water status within the embryo or endosperm may be an 
important determinant of kernel development. 
Maize is often grown in drought-prone environments or goes through grain fill at 
times of maximum soil moisture deficit and, thus, drought resistance is an important 
trait in most agricultural systems. In order to minimize production losses, plants need 
to respond and adapt early and fast to excessive moisture loss in the root zone. 
Knowledge of root distribution is very important for characterization and modelling of 
water and nutrient uptake, biomass, and yield, due to the heterogeneous distribution 
of roots in soil layers. Since the scarcity of available water has various negative 
effects on plant growth, the upper soil layers, in which the water use is highest, are a 
focus of attention for irrigation especially as maize consumes more water from the 
top soil (0-45 cm) than other species such as sorghum and pearl millet (Singh and 
Singh 1995) . 
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Liedgens et al. (2000) indicated that maximum root density did not occur at the 
same time as pollen shed, in contrast to maximum leaf area. In fact, maximum root 
density occurred 2 weeks after pollen shed, at a depth of 100 cm. Wiesler and Horst 
(1994) emphasized that the relationship between the vegetative yield and root length 
density (RLD) was positive in the 60-90 cm soil layer and RLD typically decreases 
exponentially with depth. 
The effects of water stress on maize growth and development vary with severity 
and timing of stress (Çakir 2004). Pollination can be greatly affected by water stress 
when ovaries fail to expose their silks (stigmas) synchronously with pollen shedding, 
and the number of developed kernels per ear decreases leading to reduction of grain 
yield (Otegui 1997; Cicchino et al. 2010). Water deficit also causes a reduction in the 
rate of tissue expansion and cell division, resulting in delayed silk emergence and 
thereby the grain yield is affected under drought conditions (Fuad-Hassan et al. 
2008).  The ability to predict the effects of water stress on maize production is vital to 
improve risk assessment in water-limited conditions. 
1.2.10 Genetic diversity and drought resistance 
Introducing maize germplasm into a particular environment or agricultural system 
can increase existing genetic diversity, but it can cause phenological and 
morphological changes as a consequence of its inability to adapt agronomically and 
this may be undesirable. 
The utilization of existing genetic variation and the ability of plant breeders to 
identify and manipulate important genes will open new avenues for development of 
highly drought resistant plants of yellow maize adapted to local conditions. This will 
provide the main basis for the development of the next generation of maize and of 
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new products to meet future needs (Balconi et al. 2007). Mitra (2001) described that 
the main constraints for genetic improvement of drought resistance are the lack of a 
multidisciplinary approach and precise screening techniques, incomplete knowledge 
about the genetic basis of drought resistance, also the difficulty of obtaining available 
appropriate genes required for genetic transformation, and a negative correlation of 
drought resistance with productivity traits. So, both definition of genes responsible for 
drought tolerance and the development of high efficiency genetic transformation 
methods are important. 
There are three main strategies contributing to drought resistance, namely 
drought escape, drought avoidance and drought tolerance (Mitra 2001). However, 
breeding for drought tolerance is further complicated because crop plants are 
simultaneously exposed to several types of abiotic stress, such as, high temperature, 
high radiation and nutrient toxicities or deficiencies (Fleury et al. 2010). Furthermore, 
drought tolerance is a quantitative trait, with a complex phenotype (Fleury et al. 
2010). 
Genetic modification of plants to allow growth and yield under unfavourable 
conditions which severely limit plant growth and crop productivity, is an important 
component to solve problems of environmental stress such as drought, salinity and 
low temperature (Zhang et al. 1999). Haake et al. (2002) reported that the plant’s 
genetic resistance to cold and drought has evolved mostly from the overexpression 
of CBF4 which is up-regulated by drought stress. CBF is an abiotic stress 
transcription factor and primarily responsible for switching on adaptation genes 
which acclimate the plant to the stress. However, transgenic CBF/DREB1 
Arabidopsis plants have also shown more tolerance to drought and freezing stress 
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through gene duplication and promoter evolution (Haake et al. 2002). Enhanced 
resistance of transgenic wheat plants to drought stress has been achieved through 
integration of the betA gene, encoding glycine betaine GB, into common wheat 
(Triticum aestivum L.) via Agrobacterium-mediated transformation, and the 
transgenic wheat lines exhibited greater root length and better growth compared with 
the wild-type (WT) (He et al. 2011).  
1.2.11 Gene transfer and genetic transformation 
A major goal of genetic modification is to generate new stress-tolerant plant 
varieties that are not only suitable for but also desired by the local farmer and 
consumer communities. 
Transgenesis is an important adjunct to classical plant breeding. It allows the 
production of specific characters by targeted manipulation using genes of interest 
from a range of sources. Over the past centuries, improvement of cereals was 
achieved mostly by conventional selective breeding techniques. However, due to the 
ever-growing world population, limited availability of water and the changing climatic 
conditions, new technologies, such as transformation and the production of 
genetically modified plants, are urgently required to cope with future challenges. 
 In recent years, genes from different sources have become available to be 
introduced asexually into plants through the introduction of new tools of 
biotechnology such as using of Agrobacterium tumefaciens mediated transformation 
(Jenesl et al. 2012). The results of Agrobacterium-mediated transformation of 
cereals recently confirmed that this technique is a reliable and a repeatable method 
for monocotyledonous plants, especially cereals. Agrobacterium tumefaciens is also 
a very useful vector to transfer foreign genes into dicotyledonous species (Nadolska-
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Orczyk et al. 2000; Karthikeyan et al. 2012). Transformation of foreign genes into 
explants, for example, immature embryos (Shrawat and Lörz 2006), embryogenic 
pollen cultures (Kumlehn et al. 2006), in vitro cultured ovules (Holme et al. 2006, 
2012) and somatic embryos (Lenis-Manzano et al. 2010) have proven useful in 
cereals which are not naturally susceptible to Agrobacterium infection.  
Hiei et al. (1994) reported that efficient transformation of rice mediated by 
Agrobacterium tumefaciens to efficiently produce transgenic plants requires the 
choice of starting materials, tissue culture conditions, bacterial strains and vectors to 
efficiently ensure gene transfer. Generally, successful transformation requires:  
1. Identification and isolation of the target gene which could provide to the 
target plant a desirable trait. 
 2.  A plant cell source as a host to the recombinant DNA fragment. And these 
cells must have ability for differentiation and division be able to regenerate to 
produce a new integral plant. 
3. A mediator for introducing the DNA fragment into the target cell. 
4. Selection of the modified cells and confirmation of expression of the 
transgene with physiological effectiveness. 
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1.2.12 Global production of Genetically Modified Organisms (GMO) 
Agricultural biotechnology, especially the generation of transgenic crop plants, is 
currently one of the most controversial and emotive agrotechnology issues. The 
general public are presently mostly against the introduction of this technology on a 
commercial scale especially in Europe. This is principally due to perceived food 
safety issues, the potential environmental impact of these crops and concerns that a 
few agricultural biotechnology companies may establish unparalleled control of the 
global seed supply. Therefore, the socio-economic dimension of improved maize 
production and the analysis of factors influencing the acceptance of novel altered 
varieties will be of equal or more importance than the scientific and technological 
optimisation. 
When looking at the status of approved transgenic lines grown worldwide, it can 
not be denied that more and more transgenic plants are entering agricultural 
systems and are subsequently being used in food and animal feed. There has been 
a year on year increasing interest in the cultivation of genetically modified (GM) 
crops (Figure 1. 1). GM crops have been cultivated on a commercial scale since 
1996 (1.7 million hectares) and the planted area in 2012 was 170.3 million hectares. 
During the seventeen-year period from 1996 to 2012, there was a steady and 
continual growth resulting in about 100-fold increase of the global GM crops growth 
rate (International Service for the Acquisition of Agri-Biotech Applications (ISAAA 
2012). James (2012) reported that 17.3 million farmers, in 28 countries, planted 
170.3 million hectares of the GM crops in 2012 with an unprecedented sustained 
increase of 6% or 10.3 million hectares over 2011 (Figure 1. 1), and forecasts are 
that this will continue to increase (Figure 1. 2). 
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Genetically modified maize was the second most widely grown biotech crop in 
2008, after soybean, occupying 37.3 million hectares or 30% of global biotech area 
(James 2008).  Area harvested of biotech maize increased from 51 million hectares 
in 2011 to 55.1 million hectares, with an increase of 8%, in 2012 (ISAAA 2013). 
Modified maize crops remained the second most dominant biotech crop after 
soybean in 2012 (39.9 million hectares) with an increase up to 2.6 million hectares of 
biotech maize planted in 2011. The biotech maize crop area planted in 2012 was 
occupied 23% of the global biotech area (ISAAA 2013). Moreover, the percentage of 
areas planted with biotech maize of the total area of maize increased in the last few 
years. 35% (55.1 million hectares) of the global hectares (159 million hectares) of 
maize crop grown in 17 countries in 2012 were biotech maize; this compares with 
32% (51million hectares) grown in 16 biotech crop countries worldwide in 2011 (FAO 
2009). There were 17 countries around the world which grew biotech maize in 2012. 
The biotech maize grown within EU countries also increased in 2012 compared with 
2011 (ISAAA 2013). The adoption of biotech maize growing benefits farmers 
economically and farmers growing biotech maize enjoyed increases in their income 
during the period 1996 to 2011, and this increase was US$30 billion and US$8.6 
billion for 2011 alone (Brookes and Barfoot 2013). The expansion of biotech maize to 
date has been based on just three traits, DT drought-tolerant, Bt insect resistance to 
the corn borer and herbicide resistance (glufosinate and glyphosate). By 2015, the 
yield in the dry regions of the USA was expected to be increased by using the 
biotech drought-tolerant maize according to annual report of International Service for 
the Acquisition of Agri-Biotech Applications (ISAAA 2012).   
The first biotech drought tolerant hybrids of maize were commercialized in 2013 
in the USA and estimated 50,000 hectares and this planted area increased over 5 
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fold to 275,000 hectares in 2014 reflecting high acceptance by US farmers of the 
drought-tolerant maize technology (ISAAA 2014). The first tropical biotech drought 
tolerant maize and stacked biotech insect resistant/drought tolerant (Bt/DT) maize 
hybrids are expected to be deployed in sub-Saharan Africa. The Water Efficient 
Maize for Africa (WEMA) project is expected to deliver the first biotech drought 
tolerant maize to South Africa as early as 2017 (ISAAA 2014). 
 
Figure 1. 1: Increase of the worldwide genetically modified plants cultivation areas, in 
millions of hectares, from 1996 to 2014 (adapted from James 2014). Trait hectares: 
areas, in million hectares, where GM crops with two or three “stacked traits” 
(containing two or three genes in a single GM crop) are cultivated. Total hectares: the 
total area (in million hectares) of cultivated GM crops in industrial countries (blue 
squares) and developing countries (red rectangles).  
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Figure 1. 2: Global map of countries growing GM plant crops and biotech crops mega-
countries in 2014. adapted from James (2014). Has: hectares. 
*Biotech mega-countries growing 50,000 hectares, or more, of biotech crops.  
There are 19 biotech mega-countries such as USA, Brazil, Argentina, India, 
Canada and China which approved and planted biotech crops in 2014 such as 
Maize, soybean, cotton, sugar beet, alfalfa, canola, squash, papaya and tomato 
(ISAAA 2014). 
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1.2.13 Transformation Systems 
The established genetic transformation methods often used by genetic engineers 
are many and varied, but generally fall under one of three categories: the plasmid 
method, the vector method, and the biolistic method.  
Some of these methods are direct methods which do not need to use a mediator 
vector to introduce the transferred DNA fragment and are Biolistic or Microprojectile 
bombardment (Nadolska-Orczyk et al. 2000; Harwood and Smedley 2009), 
Electroporation of protoplasts (Nadolska-Orczyk et al. 2000) and use of Poly 
ethylene glycol (PEG). Agrobacterium tumefaciens-mediated transformation is 
considered as a method of indirectly introducing the recombinant DNA to the plant 
genome during the interaction between bacterial and host plant cells. The use of A. 
tumefaciens to create transgenic plants has become routine for many dicotyledonous 
(dicots) as well as for some monocots (Zhu et al. 2000; Coutu et al. 2007; Hensel et 
al. 2009). Today, Agrobacterium is still the tool of choice for plant genetic 
engineering with an ever expanding host range that includes many commercially 
important crops.  
The biolistic method, also known as the gene-gun method, is a technique that is 
most commonly used in engineering monocot plants. This technique relies on the 
acceleration of micro-sized pellets of metal (usually tungsten or gold particles) 
coated with the desirable DNA into plant cells as a method of directly introducing the 
DNA (Harwood and Smedley 2009). Those cells that take up the DNA (confirmed 
with a marker gene) are then allowed to grow into new plants, and may also be 
cloned to produce genetically identical clones (Scandalios 2007).  
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Drought-resistant transgenic rice plants have been transformed with the barley 
hval gene, which is responsible for late embryogenesis abundant (LEA) proteins, 
through a biolistic approach (Mitra 2001).  
1.2. 14 Agrobacterium mediated plant transformation 
Agrobacterium tumefaciens is classified as a Gram-negative bacteria and is a 
soil-borne, rod-shaped bacterium which is commonly associated with the roots of 
plants (Kado and Hooykaas 1991). These bacteria parasitize on many types of 
plants causing a neoplastic tumour disease known as Crown gall (Figure 1. 3) which 
is an economically important disease(Kado and Hooykaas 1991; Kelly and Kado 
2002). 
Nester et al. (1984) showed that the tumour is based on the transfer of a DNA 
fragment from the bacterial Ti (for tumour-inducing) plasmid, called "transferred 
DNA", or T-DNA, to the host plant cell chromosomes, and it is integrated into the 
plant cell genome (Kelly and Kado 2002) where it expresses onco-genes contained 
on the T-DNA (Scandalios 2007). Later studies revealed that the T-DNA is well 
defined within the Ti plasmid by the presence of two 25 bp flanking borders as direct 
repeat, characterized by a high homology in their sequences and referred to as the 
left and right T-DNA borders (Yadav et al. 1982). These findings were the starting 
point of plant genome engineering. Indeed, any foreign DNA placed between the T-
DNA borders can be transferred to plant cells and  the first vector systems for plant 
transformation were constructed on this early model (Hamilton 1997). The Ti plasmid 
also carries the transfer (tra), the opine catabolism and the virulence (vir) genes (Zhu 
et al. 2000) which are also important in the transformation process.  
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Figure 1. 3: Schematic diagram for mechanism of T-DNA transfer from Agrobacterium 
to plant cell causing crown gall disease, adapted from Kado (2002). 
The border repeats that delimit the T-DNA, the Virulence genes (vir) that code 
for the in trans-acting type IV secretion system, and various bacterial chromosomal 
genes are three necessary genetic elements for the transfer and the integration of 
the T-DNA in the plant genome (Lee and Gelvin 2008). 
Agrobacterium-mediated plant transformation frequency is influenced by several 
bacterial and plant and environmental factors (Tzfira et al. 2002). At the plant level, it 
has been reported that the type of plant tissue used was the critical factor of 
successful Agrobacterium-mediated transformation of cereals (Nadolska-Orczyk et 
al. 2000). On the bacterial side, the density of the bacterial culture (Cheng et al. 
2004; Opabode 2006) and the strain ability to attach and transfer its T-DNA to the 
host cells (Cheng et al. 2004) were described to influence the transformation 
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frequency. Different Agrobacterium strains are commonly reported to influence the 
transformation frequency depending on the transformed plant or crop. 
 
1.2. 15 Agrobacterium tumefaciens-mediated gene transfer to 
cereal crop plants 
Agrobacterium tumefaciens is used to transform most plants with high efficiency 
(Cardoza and Stewart 2004). Agrobacterium-mediated transformation system is the 
most widely applied method for genetic transformation of many plants such as  
cabbage (Brassica oleracea subsp. capitata) (Cardoza and Stewart 2004). However, 
for a long time, most of the important cereals crops (as monocotyledonous plants) 
were difficult to genetically engineer, mainly as a result of  their recalcitrance to in 
vitro regeneration and their resistance to Agrobacterium infection (Ke et al. 2001; 
Repellin et al. 2001; Sahrawat et al. 2003).   
The efficiency of A. tumefaciens in infection of maize was first indicated in the 
studies of “agro-infection” by Grimsley (1987), in which cDNA  of maize streak virus 
was delivered to maize plants by A. tumefaciens and the plants became systemically 
infected. Ishida and colleagues (1996) were then the first to publish a protocol for the 
generation of transgenic maize, which also relied on A. tumefaciens that carried 
''super-binary'' vectors. In the following years, similar protocols for all major cereal 
crops including barley (Tingay et al. 1997) and wheat (Cheng et al. 1997) were 
published. These breakthroughs were based on the final empirical optimisation of 
protocols often using cereal reproductive organs as the explants for transformation. 
Transformation of maize mediated by Agrobacterium, as a high efficiency 
method of gene delivery, has many advantages, such as the transfer of relatively 
large segments of DNA with little rearrangement and integration of low numbers of 
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gene copies into plant chromosomes (Gelvin 2003). Ishida et al. (1996) succeeded in 
integration of one to three copies of the transgenes into host plant chromosomes 
with little rearrangement through transformants of maize using immature embryos 
co-cultivated with Agrobacterium tumefaciens that carried ''super-binary'' vectors. 
Accordingly, the availability of an effective binary vector system is now considered a 
precondition in maize Agrobacterium-mediated transformation techniques. So, a 
binary vector, which is small in size, containing suitable bacterial and plant 
selectable marker genes with one of the most widely used reporter genes is the most 
applicable starting material that offers a high copy number in Escherichia coli and 
Agrobacterium (Slater et al. 2003).   
Optimization of the in vitro system for maize involved the regeneration from 
complete shoot meristems (3-4 mm) explants. Also transgenic plants were produced 
through callus induction in five days of incubation on an auxin-modified Murashige 
and Skoog (MS) medium, by using super-virulent strains of Agrobacterium (Sairam 
et al. 2003). Nadolska-Orczyk and Przetakiewicz (2000) have reported that the most 
important advantages of Agro-based system include “relatively high transformation 
efficiency, integration of defined piece of DNA (transgene) frequently as a single 
copy, Mendelian transmission to the next generation, simple transformation 
procedure and lower cost of equipment than biolistic methods. 
In most of the published material on the development of the maize 
transformation protocols, a single maize hybrid is used; Hi II and many attempts to 
transform other germplasms are known to fail to produce any transformants. This 
can be an extreme limitation to the lateral application of transformation technologies 
between laboratories and in breeding programmes. 
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1.2. 16 Factors influencing Agrobacterium-mediated 
transformation- an efficient protocol 
Identification and optimisation of the factors affecting T-DNA delivery and plant 
regeneration is necessary to develop an efficient Agrobacterium-mediated 
transformation protocol for a recalcitrant species like maize, barley and wheat. 
Research has shown  that embryo size, duration of pre-culture, inoculation and co-
cultivation, and the presence of acetosyringone and Silwet-L77 in the media are 
significant factors that influence the successful Agrobacterium-mediated genetic 
transformation of wheat and barley (Wu et al. 2003; Shrawat et al. 2007). On the 
other hand, Nadolska-Orczyk and Przetakiewicz (2000) have stated that the crucial 
factors of successful Agrobacterium-mediated transformation of cereals are: “type of 
plant tissue used, A. tumefaciens strains and plasmids (vectors), activation of 
bacterial virulence system and promoter, reporter as well as selectable genes 
applied for transgene construction”. 
The establishment of a highly efficient genetic transformation system for maize 
mediated by A. tumefaciens includes the pre-treatment of explants with 
centrifugation (Hiei et al. 2006), osmotic treatment of explants (Jin et al. 2000), 
inoculation conditions such as bacterial concentration (Zhao et al. 2002) and 
immersion time (Xing et al. 2007), co-cultivation condition such as period of co-
cultivation (Vasudevan et al. 2007), and temperature conditions (Salas et al. 2001). 
An essential requirement is a competent regeneration system after co-cultivation of 
explants (Lawrence and Koundal 2001). Also, Wei, (2009) results showed that the 
genotype had a highly significant impact on both induction of embryogenic callus and 
callus differentiation and the concentration of 6-BA, AgNO3, ABA, 2,4-D, and the 
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medium are the significant factors for induction of embryonic callus with the 
concentration of 6-BA having a strong effect on callus differentiation. 
 Molecular 'markers' are used to position important genes, which are responsible 
for stress resistance, on a donor plant chromosome and to ensure that they can be 
'crossed in' to another plant chromosome. There are several ways of obtaining 
molecular markers like using the expressed sequence-tags (ESTs) which help 
establish partial sequences of messenger RNA's extracted from tissues of interest ( 
e. g. beans (Phaseolus spp.) developing pods) (Broughton et al. 2003). 
Through monitoring beta-glucuronidase (GUS) expression in a transient transfer 
assay, high-efficiency of gene transfer to recalcitrant plants (rice and soybean) by 
the double mutant of Agrobacterium tumefaciens was observed (Ke et al. 2001). 
Also, Shen et al. (1993)  observed expression of the GUS gene delivered with high 
efficiency to maize shoots by A. tumefaciens. It has been emphasised through 
polymerase chain reaction (PCR) analysis of total isolated DNA that integration of T-
DNA carrying the marker gene nptII in the genomes of diploid and haploid maize 
plants could be achieved by the treatment of pistil filaments with a suspension of 
Agrobacterium during artificial pollination (Mamontova et al. 2010).  
 
1.2. 17 Abiotic stress  
Most crops growing in dry areas are often exposed to various environmental 
abiotic stresses. Abiotic stresses include water deficits, waterlogging, high 
temperatures, cold and freezing, deficiency of essential nutrients from the soil, 
nutrient imbalances, salinity (the accumulation of toxic ions during salt stress), 
restriction of photosynthesis and restriction of root growth caused by increased 
hardness of the soil, high light intensity, UV-radiation, metal toxicities and climate 
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change (Verslues et al. 2006; Roy et al. 2011a). These stress conditions cause 
extensive losses to crop production worldwide (Mittler and Blumwald 2010). The 
most important factors causing loss of production during the life cycle are drought, 
salinity, extreme temperatures (heat and freezing) and mineral deficiency or toxicity 
stress (Carena 2009; Wani et al. 2013). Several distinct abiotic stresses may occur 
in the field concurrently, or a plant may experience these abiotic stresses at different 
times through the growing season (Tester and Bacic 2005).  
Global climate change with its complex implications to the field environment is an 
undefined challenge facing modern agriculture (Mittler and Blumwald 2010). The fast 
changes in global climate with a global scarcity of water resources and the increased 
salinization of soil are leading to an increase in aridity for the semiarid regions and 
will increasingly affect crop growth and crop yield potential in these areas. Water 
deficit is identified to be the most common abiotic stress in limiting the crop growth 
worldwide (Araus et al. 2002), and leads to increasing constraints on realizing the 
potential yield of crops (Passioura 2007), but salinity is increasingly a major limiting 
factor in plant growth and crop productivity (Munns and Tester 2008). Furthermore, 
drought and salinity frequently occur together in the field situation (Morison et al. 
2008; Cramer 2010). Drought and salinity stresses are already widespread in many 
regions around the world, and recently became a serious problem in many regions of 
maize agriculture in Syria.  
Severe abiotic stresses need to be overcome by the implementation of 
biotechnologies and employing physiological, biochemical, molecular and breeding 
tools aimed to develop plant tolerance to abiotic stresses (Vinocur and Altman 2005; 
Roy et al. 2011a) with due consideration to the genetic background and physiology 
of different germplasms (Mittler and Blumwald 2010). Development of transgenic 
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plant production using plant genetic engineering techniques is still considered an 
effective technology to improve abiotic stress tolerance (Roy et al. 2011a) and there 
is great interest in developing varieties of Syrian maize that are abiotic stress-
resistant in order to help increase yield. It is based on this recognition that a 
scholarship was awarded to the author to develop the skills necessary to transfer this 
technology to Syria’s maize breeding programme. 
1.2. 18 The effect of abiotic stress on plants, crop production 
Plant growth and yield are all limited by abiotic stress (Araus et al. 2002). The 
abiotic stresses could be defined in plants as any external abiotic (salinity, water 
deficit or drought and heat) constraint that reduce the plant’s ability to convert 
sunlight energy to biomass by photosynthesis. Environmental conditions that reduce 
plant growth and yield below optimum levels are considered as abiotic stresses. 
However, the concept of stress is complex and confusing, so it is useful to define the 
stress as an external factor that leads to changes in growth conditions through its 
unfavourable influences on the plant (de Oliveira et al. 2013). In some cases of 
stresses, plants trend to achieve a new state of homeostasis that requires an 
adjustment of metabolic pathways by the acclimation process (Mittler 2006). The 
plant acclimation to an unfavourable condition is associated with the plants tolerance 
or a plant resistance to stress. The plant's ability to respond to abiotic stress (stress 
tolerance or stress resistance) is affected by the inherent physical, morphological 
and molecular limitations (Cramer et al. 2011). Moreover, the response of plants to a 
combination of different stresses (such as a combination of drought and salinity, 
drought and heat, salinity and heat or any of the major abiotic stresses combined 
with biotic stresses) is complex and largely controlled by different, and sometimes 
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opposing, signalling pathways that are integrated and impact negatively on plant 
growth and physiological traits (Suzuki et al. 2014). 
Bioprocesses such as the synthesis, metabolism, concentration, transport and 
storage of sugars are directly or indirectly affected by abiotic stresses. Soil 
environment factors, water deficiency, salinity, sodicity, structure, temperature, pH, 
nutrients, and mineral toxicities can all interact to limit plant growth. Abiotic stress 
like drought and salinity affects the regular metabolism of plant cells and leads to the 
production of toxic molecules and reduced photosystem II (PSII) activity (Chaitanya 
et al. 2003). Moreover, it has been reported that the reduction in the growth of cell, 
root and shoot was combined with the decrease in the water potential that caused 
inhibition of cell expansion and reduction in cell wall synthesis.  
Abiotic stresses impose injury on cellular physiology and result in growth 
inhibition by metabolic dysfunction via similar pathways of damage (Mahajan and 
Tuteja 2005). For example, salinity and drought stresses have similar effects on 
plant growth by a same pathway or related pathways to inhibit the growth, as the 
ability of plants to take up water under salt stress was reduced, and that quickly 
cause reduction in growth rate induced metabolic changes identical to those caused 
by drought stress (Munns 2002). However, salinity stress has a specific impact on 
plant growth, when sodium is accumulated to toxic levels especially in older 
transpiring leaves, which causes salt-specific effects including the reduction of 
photosynthetic activity of the plant causing premature senescence (Munns 2002). 
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1.2. 19 Salt stress damages on plant growth and development 
The accumulation of salt in soil layers and high water tables caused by surface 
irrigation carrying salt to the soil surface leads to a sharp decrease in plant fertility. 
Due to accumulation of salts in soils in arid and semi-arid regions of the world, 
agricultural productivity is often very low (Ashraf and Sarwar 2002; Munns 2002). 
Salinity in the soil or water causes a stress condition to crop plants, and it is of 
increasing importance to crop agriculture in the dry areas.  Maize, a summer crop 
requires a large amount of irrigation water and secondary salinization is one of the 
most serious production constraints and is becoming increasingly limiting for crop 
production (Akbar and Ponnamperuma 1982; Witcombe et al. 2008; Tester and 
Langridge 2010). 
 The negative effects of salt on plant growth is associated with the osmotic stress 
component caused by drought and decreases in soil water potential that lead 
restriction of water uptake by roots (de Oliveira et al. 2013). Osmotic stress is 
caused by the high salt concentrations and ions in the cytosol affect the whole plant 
because ions move to the plant shoot through the transpiration stream (Munns and 
Tester 2008). Osmotic stress caused by salinity treatment damaged the epidermal 
cell wall of maize plant leading to loose β-expansin proteins of cell walls and 
reducing the growth of maize leaves (Zörb et al. 2014).  
Salinity stress affects both vegetative and reproductive plant development. The 
negative implications of salinity stress varies depending on the harvested organ of 
plant (leaf, shoot and root biomass) (Wang et al. 2013). In general, shoot growth can 
be affected by salinity stress more than root growth, and salinity can reduce 
flowering and increase sterility. Many researchers have reported that the salinity of 
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irrigation water is one of the main factors to have a growth limiting effect in large 
parts of semiarid and arid areas.   
The decrease in the water potential that occurs in both drought and salinity 
stress affects the regular metabolism of the cell such as the carbon-reduction cycle, 
light reactions, energy charge and results in reduction of photosynthetic rate, cell 
growth, root growth and shoot growth (Chaitanya et al. 2003). Salinity stress can 
affect the plant growth in similar aspects to water stress (Munns 2002), except for 
the additional effect of ion cytotoxicity, which caused by high salt concentrations in 
soil (Taiz 2010). Evelin et al. (2009) reported that the effects of salt stress on plant 
growth are associated with low osmotic potential of the plant, imbalance of nutrition 
in plants caused by an increase in the Na+/K+ ratio and excessive toxicity due to Cl- 
and/or Na+ ions in the cell, disruption of cell organelles and their metabolism, or a 
combination of these factors leading to a decrease in the plant yield (Ashraf and 
Harris 2004; Díaz-López et al. 2012). Salt-stressed plants are affected by toxic 
damage resulting from the accumulation of high salt levels in a plant that lead to 
nutritional disequilibrium. In summary, salinity affects plant growth as a result of both 
osmotic and ionic effects. Azevedo Neto et al. (2004) evaluated the NaCl differential 
tolerance of different maize genotypes and reported that the accumulation of Na+ 
and soluble organic solutes in roots due to salinity appeared to play an important role 
in the acclimation of maize genotypes to salinity stresses.  
1.2. 20 Tolerance/resistance to abiotic stress  
The plant response to abiotic stress, involving many genes actions and 
biochemical-molecular mechanisms, is highly complex and involves adaptive 
changes and/or detrimental effects. Plant responses involve changes at 
Chapter 1 
 
39 
 
transcription, cellular, and physiological levels. In addition, the sensitivity of crop 
plants to a particular abiotic stress varies depending on their developmental stage 
(Flowers and Yeo 1981; Lutts et al. 1995). The stress tolerance mechanisms by 
which crops maintain yield under abiotic stress are controlled by a variety of genes, 
which are expressed at different times during stress stages (Witcombe et al. 2008; 
Fleury et al. 2010). There are more than 30 thousand genes in a typical plant cell  
which encode many numbers of proteins that can response to abiotic stresses 
through more than 200 known post-translational modifications (PTMs) in a very 
complex molecular pathway (Cramer et al. 2011). Many plants can be acclimated to 
the particular stress by using a variety of mechanisms and combinations of 
mechanisms (Reynolds and Tuberosa 2008) and there is a range of traits that 
combine to contribute to a plant's tolerance of abiotic stresses through plant 
adaptation (Roy et al. 2011b). 
The plant responses to stress can be tissue or cell specific in the organ affected 
by the stress and can be different depending on the stress involved (Dinneny et al. 
2008). The salt-tolerant maize hybrid, which maintained leaf growth under salinity 
stress, responded to stress by modification the cell wall to be more extensible under 
salt stress. But the epidermal cell walls of a sensitive hybrid of maize that displayed 
a clear reduction of leaf growth were stiffer under stress (Zörb et al. 2014). Plant 
response to salinity stress was associated with an alteration of the epidermal 
apoplastic pH to be more suitable for growth in acid solutions.   
Plants response to abiotic stress to develop tolerance or resistance involves the 
use of transcriptional factors to activate specific operons or genes whose 
upregulation lead to re-establishment of cellular homeostasis and functional and 
structural protection of proteins and membranes (Roy et al. 2011a). Moreover, some 
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genes expressed during abiotic stress promote or enhance cellular tolerance to 
stress through encoding proteins that enhance the protective functions in the 
cytoplasm, cell membrane or control ion accumulation and further regulation of other 
gene(s). In response to both salinity and cold stresses, specific genes of calcium-
signalling and nucleic acid pathways were up-regulated with the increase of gene 
expression (Mahajan and Tuteja 2005).  
Whereas herbicide-tolerant plant or insect resistance requires the insertion of 
single gene that have highly specific mechanisms with clearly defined roles, 
tolerance to abiotic stresses can be achieved by the interaction of numerous genes 
and regulatory pathways (Howles and Smith 2012). “Breeding for resistance/ 
tolerance to abiotic stresses is generally more challenging than most other stresses 
due to their complex, inconsistent and elusive nature” (Carena 2009). There are two 
loci encoding transcription factors associated with abiotic stress in cereals: the Frost 
Resistance (FR1) locus containing VERNALIZATION1 (VRN1), and the (FR2) locus 
containing CBF (C-Repeat Binding Factor)/DREB (Dehydration Response Element 
Binding) (CBF/DREB) genes (Stockinger et al. 2007; Dhillon et al. 2010; Knox et al. 
2010; Zhu et al. 2014). Specific genetic loci exist within the germplasm of crops 
which encode transcription factors and are often associated with distinct regulation 
or function, duplication and/ or neo-functionalization of genes such as CBF and 
VRN1 that maintain plant homeostasis. There is a variety of genes that are involved 
in tolerance to abiotic stress and interactions and crosstalk with many molecular 
pathways contribute to the plant molecular responses to abiotic stresses (Takahashi 
et al. 2004; Mahajan and Tuteja 2005). Specific genes encode proteins with known 
enzyme activities that are involved in stress tolerance however, FR2 defines a region 
containing numerous duplicated CBF genes (Skinner et al. 2005; Badawi et al. 2007; 
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Knox et al. 2010) that regulate cold acclimation and freezing tolerance in annual or 
perennial monocots and dicots (Thomashow 2010; Miura and Furumoto 2013). 
Transcriptomic studies have indicated that overexpression of a peach (Prunus 
persica) CBF gene (PpCBF1) in transgenic plants under field conditions and 
improved cold hardiness but also reduced growth rates and short-day induced 
dormancy of non-acclimated plants of ‘M.26’ apple (Malus × domestica) under low 
temperatures (Artlip et al. 2014). In a similar study, Hinchee et al. (2011) have 
reported that a CBF2 gene as a transcription factor enhanced winter growth of 
Eucalyptus grandis × E. urophylla under low temperatures. It appears that 
overexpression of CBF in plants has a significant role on the plant response to 
environmental stresses as it has significant long-term effects on development of 
transgenic plant physiology and increases freezing tolerance (Wisniewski 2014). 
Similarly it has been reported that DREB increased tolerance of cold, drought and 
salinity (Kasuga et al. 1999). According to similar studies, it was confirmed that 
DREB1A increased drought tolerance of wheat (Triticum aestivum) (Pellegrineschi et 
al. 2004; Morran et al. 2011) and CBF1 increased cold tolerance of Arabidopsis 
(Jaglo-Ottosen et al. 1998; Chow et al. 2014) and induces the expression of many 
COR genes with roles in stress protection (Thomashow 2010). Genomic studies 
have revealed that cold acclimation is controlled by many cold-regulated genes such 
as COR15, lipid transfer protein and β-amylase (Steponkus et al. 1998; Kreps et al. 
2002; Seki et al. 2002; Lee and Lee 2003; Thalhammer and Hincha 2014). 
 Plant hormones that are known to be associated with plant defence such as: 
Jasmonates (JAs), salicylic acid (SA), ethylene (ET) and abscisic acid (ABA), or that 
are associated with plant development such as: gibberellins (GAs), auxins (IAAs and 
IBA), brassinosteroids (BRs), and cytokinins (CK), play an important role in 
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regulating responses to environmental stresses such as salinity (Zörb et al. 2013; 
Kazan 2015). Furthermore plant hormones can collaborate or interact during plant 
responses to abiotic stresses and can have direct and/or indirect effects on multiple 
plant functions (Kazan 2013; Santino et al. 2013; Colebrook et al. 2014). 
  Chen and Murata (2008) reported (i) protection of the photosynthetic system 
mediated by the high levels of glycine betaine (GB) that accumulate in plant organs 
such as leaves and reproductive organs; (ii) induction of specific genes in transgenic 
plants to enhance stress tolerance; (iii) protection of the plasma membrane; and (iv) 
reductions in levels of reactive oxygen species (ROS) as metabolic responses to 
stress. This illustrates that various metabolic pathways under stress can be possible 
mechanisms for tolerance to a variety of abiotic stresses. Glycinebetaine is one of a 
number of compatible solutes that enable plants to tolerate abiotic stress and 
accumulate in response to abiotic stress (Kishitani et al. 1994; Allard et al. 1998; 
Chen and Murata 2011; Fan et al. 2012; Wani et al. 2013). The accumulation of GB 
in plants effectively maintains the highly ordered state of membranes and stabilizes 
the quaternary structures of enzymes and complex proteins as osmotic stress 
removes water from cells (Papageorgiou and Murata 1995). The enzyme involved in 
the production of GB has been isolated and moved into transgenic plants (Schmitz 
and Schütte 2000). Enhanced tolerance to abiotic stresses was observed in 
transgenic plants accumulating GB within its organs, in particular, the reproductive 
organs of transgenic plants (Chen and Murata 2008). The tolerance to abiotic stress 
was increased by the introduction of the GB-biosynthetic pathway into transgenic 
maize plants engineered with the transgene betA that enhanced tolerance to drought 
(Quan et al. 2004a), and to chilling (Quan et al. 2004b). Thus, the accumulation of 
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GB in transgenic GB-accumulating plants increased tolerance of transgenic plants to 
various abiotic stresses at all stages of their life cycle (Chen and Murata 2011). 
1.2. 21 Chlorophyll Fluorescence monitoring Fv/Fm 
When light energy is absorbed by the chlorophyll complex within a plant leaf, 
electrons are excited and raised to a higher energy state. This electron configuration 
is inherently unstable and its duration is less than 10-8 sec. The absorbed energy can 
subsequently be dissipated by either photochemical or non-photochemical 
processes. Photochemical processes utilise the absorbed energy in photosystem II 
(PSII), where the energy can be converted to chemical energy to drive 
photosynthesis (photochemical reactions). However, energy that is excess to 
photosynthesis can be re-emitted via non-photochemical processes in the form of 
heat (non-photochemical quenching; NPQ) which does not drive photosynthesis, or 
emitted as chlorophyll fluorescence. The efficiency of photochemical and non-
photochemical quenching can be assessed by measuring the yield of chlorophyll 
fluorescence. The efficiency of light used for photochemistry can be predicted by 
measuring changes in the extent of fluorescence emission  (Maxwell and Johnson 
2000; Logan et al. 2014). These processes are in competition for absorbed energy, 
so a reduction in the dissipation of energy by non-photochemical processes (heat 
production and chlorophyll fluorescence) will be associated with a corresponding 
increase in the energy dissipated by photochemical processes. Likewise, the 
increase in dissipation of the excitation energy to heat leads to a decrease of 
quantum yield of chlorophyll fluorescence below its maximum yield. Fluorescence 
yield is highest when less energy is emitted as heat or used in photochemistry and 
vice versa.  
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Abiotic stresses have an effect on the photosynthetic performance of the plant. 
Stress factors such as drought, cold, salt, high temperatures, herbicide damage and 
nutrient deficiency limit the photosynthetic capabilities of the plant. 
The maximum quantum yield of PSII, Fv/Fm is a fluorescence parameter used to 
measure of the intrinsic or maximum efficiency of PSII. This parameter is calculated 
by the equation: 
Fv/Fm = (Fm – Fo)/ Fm 
Where: Fm is the maximum fluorescence yield. Fo, the yield of fluorescence in the 
absence of an actinic (photosynthetic) light; minimum fluorescence yield (Maxwell 
and Johnson 2000). Fv is the variable fluorescence, calculated as Fv= Fm – Fo. 
Changes in Fv/Fm values relate to a change in the efficiency of non-
photochemical quenching. Therefore, these changes give important information 
concerning the effect of abiotic stress on the plant and by extension, the 
performance of PSII.  
Dark-adapted values of Fv/Fm reflect the potential quantum efficiency of PSII 
and can vary between plant species. The optimal value of Fv/Fm is almost constant 
for many different plant species under non-stressed conditions and typically has a 
value of 0.83 (Björkman and Demmig 1987; Johnson et al. 1993; Roháček et al. 
2008). This parameter is used as a sensitive indicator of plant photosynthetic 
performance. When the plant has been exposed to stress, Fv/Fm values will be 
lower than the optimal value indicating in particular the phenomenon of photo-
inhibition, or other kinds of injury caused to the PS II complexes (Roháček et al. 
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2008). Moreover, the Fv/Fm value might also be reduced due to fluorescence 
emission from PS I contributing to the F0 level (Papageorgiou 2004; Schreiber 2004). 
Fluorescence measurements have the ability to give information about the 
plant's ability to tolerate environmental stresses and it can give insights into the 
extent the photosynthetic apparatus can affected by stresses (Maxwell and Johnson 
2000). Fv/Fm measurements are widely used to indicate the occurrence of photo-
inhibitory damage in response to abiotic stresses (Gamon and Pearcy 1990; Groom 
and Baker 1992; Epron et al. 1992; Akram et al. 2011; de Souza et al. 2013) and are 
also used as an indicator of how plants respond to environmental stresses  (Liu et al. 
2012; Murchie and Lawson 2013). These indicators are still accepted as reliable 
diagnostic indicators of photo-inhibition (He et al. 1996; Valladares and Pearcy 1997; 
Molina-Bravo et al. 2011; Suebma et al. 2012). 
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1.3 Conclusion 
Climate change is predicted to have a huge global impact on agricultural 
production through its effect on the development and utilization water resources of 
many regions. Drought is a major agricultural threat reducing crop productivity and 
limiting the use of land throughout the world and this is particularly acute in the 
Middle East region.  
Maize is a versatile crop that adapts easily to a wide range of production 
environments, and fits well in the existing cropping systems in the eastern-northern 
areas of Syria. Success, though, will depend on developing appropriate agronomic 
practices and using varieties that are adapted to the environmental conditions 
prevailing in these areas. Therefore, maize breeding with improved abiotic stress-
tolerance via genetic manipulation is of huge potential importance. 
Genetic transformation using direct or indirect methods is an effective means of 
rapid genetic improvement of crops, consuming less time compared to other 
methods of genetic improvement such as the production of haploid or doubled-
haploid (DH) plants and conventional breeding. Future improvement of current cereal 
cultivars is expected to benefit greatly from information emerging from genomics and 
bioinformatics. And yet, new insights about fundamental aspects of Agrobacterium-
plant interactions will lead to improved technologies in maize plant transformation. 
The added value in these innovative approaches to local maize production in 
Syria lies in the combination of existing and novel genetic approaches with 
conventional breeding in association with socio-economic criteria that will effectively 
target the farmer and consumer. By considering the socio-economic implications to 
improve the local maize, this project should lead to sustainable development, and to 
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move firstly towards self-sufficiency but then to greater production so that Syria can 
enter into international grain-trade with maize. Whilst the agronomy of maize has 
been reasonably well developed in Syria for the continuation of the development in 
production in currently planted areas refinements will be needed to meet changing 
economic conditions and environmental expectations. For new areas into which 
agronomy of maize may be expanded in the future, new and innovative solutions to 
meet environmental limitations to maize production will be required. The production 
of abiotic stress-tolerant maize plants by Agrobacterium-mediated transformation is 
one of the most important opportunities to develop new germplasm to cope with the 
environmental conditions. As has been demonstrated in many previous studies 
Agrobacterium tumefaciens has been used with great efficiency to transform most 
plants, by extension, if Syrian maize genotypes have suitable transformation ability 
using Agrobacterium, this approach has the potential to significantly improve stress 
resistance of Syrian maize varieties.  
 
 
 
 
 
 
 
 
 Introduction and literature review  
 
48 
 
1.4 Aims and Objectives  
This study aims to: 
1-  Study the production of genetically altered plants of yellow maize with 
improved abiotic-stress (drought, saltiness and frost) resistance. 
2- Estimate of the expression and productivity of altered plants under stress 
circumstances within controllable circumstances.  
 
The objectives of this report are summarised as follows: 
a)  Develop procedures for the maintenance of Agrobacterium tumefaciens in-
vitro, and refine co-cultivation techniques of A. tumefaciens and maize 
immature embryos tissue cultures. 
b)  Improve the understanding of maize transformation techniques and whether 
this could be used by further scientific research in this field. 
c)  Determine whether Syrian maize varieties have suitable transformation ability, 
if so, can Syrian maize genotypes be transformed via Agrobacterium 
tumefaciens -mediated transformation? 
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Materials and Methods 
2.1 Maize germplasm 
Seven distinct sources of maize germplasm were used in this study. Six 
germplasms were Syrian genotypes, originating from the General Commission for 
Scientific Agricultural Research, Syria (GCSAR), and were used in this research 
project to test their response to A. tumefaciens-mediated transformation in 
comparison with Hi II hybrid originating from the Maize Genetics Coop (Table 2. 1). 
Table 2. 1: Maize genotypes used for Agrobacterium tumefaciens-mediated 
transformation. 
Germplasm 
Name of 
Genotypes 
Generation & type 
of germplasm 
Origination 
Varieties 
Ghota.1   (GH.1) F2. Synthetic 
varieties 
GCSAR- Syria 
Ghota.82 (GH.82) 
Hybrids 
Basil.1 (B.1) F2. Single hybrid 
GCSAR- Syria 
Basil.2 (B.2) F2. Double hybrid 
Hi II 
F2. Hybrid 
(A188xB73) 
Maize Genetics 
Cooperation- Stock 
Center, USA 
Inbred-Lines 
IL.3: 565- 06 
IL.4: 792- 06 
F1. Inbred lines* GCSAR- Syria 
*data of Syrian inbred lines (IL.3 & IL.4) transformation not presented in this study. 
2.2 In-vitro plant materials 
F2 immature zygotic embryos (1.5 to 2.0 mm) of the studied maize genotypes 
were initially used for maize transformation. Immature zygotic embryos were 
aseptically dissected in a laminar flow hood from greenhouse-grown ears harvested 
after 20 to 22 days post pollination depending on germplasm type and glasshouses 
conditions. Ears were stored up to three days at 4oC before dissection. 
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2.3 Agrobacterium tumefaciens strains and DNA plasmid 
constructs used for plant transformation in this study 
2.3.1 pTF102 plasmid:  
Agrobacterium tumefaciens strain EHA101 (Hood et al. 1986), which has 
been used in the current study, harbours the standard binary vector pTF102 
(11.6 kb). pTF102 (Figure 2. 1) contains a broad host range origin of 
replication (pVS1) (Hajdukiewicz et al. 1994) and a spectinomycin-resistant 
marker gene (aadA) in order to maintain bacterial selection and to avert 
reversion to WT. The cauliflower mosaic virus (CaMV) 35S promoter (P35S) 
was used to drive both the bar gene selectable marker cassette1 and the gus 
reporter gene. A tobacco etch virus (TEV) translational enhancer (Carrington 
and Freed 1990) was included at the 5’ end of the bar gene. The soybean 
vegetative storage protein terminator (Mason et al. 1993) was cloned to the 3’ 
end of the bar gene. The gus gene contained a portable intron in its codon 
region (Vancanneyt et al. 1990)  to prevent GUS activity in Agrobacterium 
cells. 
The Agrobacterium strain EHA101 harbouring the binary vector pTF102 was kindly 
provided by Professor Kan Wang (Iowa State University, Department of Agronomy 
(College of Agriculture and Life Sciences), Plant Science Institute, USA. 
2.3.1.1 DNA sequence components for the pTF102 construct  
aadA: Aminoglycoside 3’-adenylyltransferase gene of Shigella flexneris 2a 
that confers resistance to antibiotic spectinomycin (Chinault et al. 1986). 
                                               
1
Which confers resistance to phosphinothrycin, the active ingredient in bialaphos (reference: White et 
al. (1990) A cassette containing the bar gene of Streptomyces hygroscopicus: a selectable marker for 
plant transformation. Nucleic acids research 18 (4):1062. 
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bar: Phosphinothricin acetyl transferase gene from Streptomyces 
hygroscopicus that confers resistance to herbicide phosphinothricin 
and its derivatives (Thompson et al. 1987; White et al. 1990; Becker et 
al. 1992). 
gus-int: The -glucuronidase gene containing a portable intron (Jefferson 1987; 
Vancanneyt et al. 1990) . 
P35S: The cauliflower mosaic virus 35S promoter (Odell et al. 1985; Haq et al. 
1995). 
Tnos: 3’ terminator from nopaline synthase gene of Agrobacterium 
tumefaciens (Depicker et al. 1982).   
Tvsp: 3’ terminator from soybean vegetative storage protein gene (Mason et 
al. 1993; Haq et al. 1995). 
T35S: 3’ terminator from 35S transcripts of cauliflower mosaic virus (Condit 
and Meagher 1983).  
TEV: Tobacco Etch Virus translational enhancer (Gallie et al. 1995; Wilson 
1999).  
RB: The T-DNA right border fragment from nopaline strain of 
Agrobacterium tumefaciens (Zambryski et al. 1982).  
LB: The T-DNA left border fragment from nopaline strain of Agrobacterium 
tumefaciens (Zambryski et al. 1982). 
pVS1: A broad host range plasmid from Pseudomonas (Itoh and Haas 1985; 
Hajdukiewicz et al. 1994).  
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pTF102
11622 bp
TEV enhancer
pVS1
LB
pBR322
Tvsp
L25  (6426)
RB/R25  (11485)
P35S
P35S
aadA
T35S
bar ORF
GUS INT gene
ClaI (3087)
EcoRI (11200)
XhoI (7946)
HindIII (8382)
HindIII (11149)
BclI (5703)
BclI (6189)
BamHI (10697)
BamHI (11179)
SacI (8621)
SacI (11198)
SalI (7532)
SalI (11167)
Sma I (10694)
Sma I (11186)
XbaI (10703)
XbaI (11173)
PstI (8398)
PstI (11141)
PstI (11165)
Not I (882)
Not I (2415)
Not I (3705)
KpnI (7287)
KpnI (8615)
KpnI (11192)
PvuII (6595)
PvuII (7305)
PvuII (11379)
SspI (9218)
SspI (10219)
SspI (10228)
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. 1: A map of the pTF102 construction (11.6 kb) including the right (RB) and 
left (LB) T-DNA border fragments from a nopaline strain of A. tumefaciens with bar, 
encoding phosphinothricin acetyltransferasegene; gus-int, -glucuronidase gene 
containing an intron; P35S,CaMV 35S promoter; TEV, tobacco etch virus translational 
enhancer;Tvsp, soybean vegetative storage protein terminator; T35S, CaMV35S 
terminator; Hind III, is one of the unique restriction enzyme sites. And aadA,a 
spectinomycin resistantmarker gene for bacterial selection; pVS1, origin of 
replicationfor Agrobacterium; and  pBR322, origin of replication for E.coli. Adapted 
from Frame et al. (2002). 
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The complete sequence of the pTF102 plasmid which obtained from the Plant 
Transformation Facility, Department of Agronomy (College of Agriculture and Life 
Sciences), Plant Sciences Institute, Iowa State University, USA is presented in 
(Appendix 4).  
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2.3.2 PpCBF1-OX construct (CBF) 
 The PpCBF1-OX construct includes the pRTL2 (Figure 2. 2) and 
pBINPLUSARS (Figure 2. 3) plasmids along with the final construct (Figure 2. 4). An 
expressed sequence tag (EST) library from peach (Prunus persica `cv. Loring`) bark 
collected in December was screened via PCR using degenerate primers as per 
standard methodology to obtain a full-length coding sequence for a CBF transcription 
factor. The resulting clone, Prunus persica CBF1 (PpCBF1) (GenBank accession 
HM992943), was sequence verified, then mobilized into pRTL2 which contains an 
enhanced 35S promoter to form 35S::PpCBF1. The enhanced 35S promoter - 
PpCBF1 portion of the plasmid was then digested with Hind III and ligated into an 
appropriately digested pBINPLUS/ARS vector (Belknap et al. 2008).   
Agrobacterium tumefaciens strain EHA105 (pCH32) was transformed with the 
pBINPLUS/ARS vector containing the enhanced 35S-PpCBF1 fragment via 
electroporation and verified via PCR using the following gene-specific primers: 
CBF85F, ATGGTCATGGACATGATCTTCG and CBF557R, 
AGCTAAGCATTGGGGTGGAGAAAG (Wisniewski et al. 2011).  
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Figure 2. 2: Map of the pRTL2 vector (3.9 kb) containing a dual CaMV 35S 
enhancer as well as a TEV leader and CMV terminator. Adapted from Michael 
Wisniewski and Timothy S. Artlip,USDA-ARS, USA. 
 
Figure 2. 3: Map of the pBINPLUSARS vector (12.46Kb). CaMV 35S, enhancer; 
NOS, terminator; ubi3-UQ, promoter; Nptll, the neomycinphosphotransferase gene; 
Hind III, restriction enzyme sites. (Adapted from Michael Wisniewski and Timothy S. 
Artlip, USDA-ARS, USA). 
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Figure 2. 4: Map of the PpCBF1-OX vector (14.58 Kb) over expression construct 
with the interest of gene CBF;a dual CaMV 35S, enhancer; NOS, terminator; ubi3-UQ, 
promoter; Nptll, the neomycin phosphotransferase gene; Hind III, restriction enzyme 
sites. Adapted from Belknap et al. (2008).  
 
 The CBF gene construct was kindly provided by Professor Michael Wisniewski 
and Dr Timothy S. Artlip, Appalachian Fruit Research Station- United States 
Department of Agriculture /Agricultural Research Service (USDA-ARS), USA.  
The binary vector pBINPLUS/ARS, complete sequence is presented in 
(Appendix 4). 
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2.4 Tissue culture stock solutions 
1. N6 vitamin stock: 1 g of N6 was dissolved in 100 mL of double-distilled water 
(ddH2O). This stock solution (1,000×) was filter sterilized, and stored at -20°C 
in 25 mL aliquots, which were thawed and used over a period of weeks as 
needed. 
2. 2,4-D: 15 mg of powdered 2,4-dichlorophenoxyacetic acid (2,4-D) was 
dissolved in 10 mL of ethanol. The stock solution (1.5 mgmL-1) was stored at 
4°C. 
3. Acetosyringone (AS): stock solution 200mM of AS was prepared by 
dissolving 392 mg of AS in 10 mL of dimethyl sulfoxide (DMSO). This solution 
is diluted 1:1 with ddH2O and filter-sterilized. Aliquots (0.5 mL) of stock 
solution (100 mM) were stored at -20°C for up to 6 months2. 
4. Bialaphos: 150 mg of Bialaphos was dissolved in 100 mL of ddH2O. 
The stock solution (1.5 mgmL-1) was filter sterilized and stored at 4°C for up to 
6 months. 
5. Silver nitrate: 0.085 g of silver nitrate was dissolved in 100 mL of sterile 
distilled water ddH2O. The stock solution (0.85 mgL
-1) was filter sterilized and 
stored at 4°C.  
6. Kanamycin: 0.5 g of kanamycin was dissolved in 10 mL ddH2O. Then the 
stock solution (50 mgmL-1) was filtered sterilized and divided into aliquots 0.5 
mL in Eppendorf tubes, 1.5 ml. 
The stock solution was stored at -20°C for up to 1 month.  
                                               
2
 AS will sometimes precipitate after freezer storage and is re-dissolved by vortexing for 15 min 
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7. Spectinomycin: 1.0 g of Spectinomycin was dissolved in 10 mL ddH2O. The 
stock solution (100 mgml-1) was filter sterilized, aliquoted (0.5 mL), and stored 
at -20°C for up to 1 month. 
8. Tetracycline: A stock of Tetracycline (10 mgml-1) was prepared by dissolving 
0.1 g of Tetracycline HCl in 10 ml distilled water. This stock was filter sterilized 
and aliquots of 0.5 ml were stored at -20°C for up to 1 month. 
9. Cefotaxime: 1.0 g and 2.5 g of cefotaxime was dissolved in 10 mL ddH2O 
separately to form stock solutions (100, 250) mgmL-1 respectively. 
These stock solutions were filter sterilized, aliquoted (0.5 mL) and stored at 
−20°C for up to 1 month. 
10. Vancomycin: 1.0 g of vancomycin hydrochloride was dissolved in 10 mL 
ddH2O.The stock solution (100 mgmL
-1) was filter sterilized, aliquoted (0.250 
mL), and stored at -20°C for up to 1 month. 
2.5 Tissue culture media 
Infection, resting, and selection media as described by Zhao et al. (2002) were 
used for this A. tumefaciens protocol of maize transformation. Co-cultivation media 
was modified from Zhao et al. (1999) and Olhoft and Somers (2001) to contain 300 
mgL-1 cysteine; resting and selection media contained a combination of cefotaxime 
(100 mgL-1) and vancomycin (100 mgL-1) for counter selection of Agrobacterium after 
co-cultivation. 
Regeneration medium was based on Armstrong and Green (1985) and prepared 
as described in (Frame et al. 2002) and supplemented with 3 mgL-1 bialaphos.  
Bialaphos-resistant events were sub-cultured to MS salts media (Murashige and 
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Skoog, 1962) and modified MS vitamins (Frame et al. 2006a), 6% sucrose, 100mgL-1 
myo-inositol, no hormones (Armstrong and Green 1985), 0.3% gelrite, pH; 5.8. 
Over all the tissue culture steps, for preparation of solid media,100 x 20mm 
Petri-plates were used except for YEP (Yeast extract peptone) and LB (Luria-Bertani) 
media which were in 90 x 15mm Petri-dishes. 
2.6 Media for Agrobacterium maintenance 
 YEP Medium: 
5 gL-1 yeast extract, 10 gL-1 peptone, 5 gL-1 NaCl2, 15 gL
-1 Bacto-agar. pH was 
adjusted to 6.8 with NaOH and autoclaved at 120°C for 15 minutes (Wang 2006). 
Appropriate antibiotics were added to the medium when it had cooled to 50°C.  
 LB Medium: 
5 gL-1 yeast extract, 10 gL-1 tryptone, 5 gL-1 NaCl2, 2 gL
-1 glucose, and 15 gL-1 
Bacto-agar. pH was adjusted to 6.8 using NaOH. Appropriate antibiotics were added 
to the medium when it had cooled to 50°C after autoclaving.  
2.7 Media for Agrobacterium-mediated transformation 
 Infection Medium (IM): 
N6 salts and vitamins (Chu et al. 1975), 1.5 mgL-1 2,4-dichlorophenoxyacetic 
acid (2,4-D), 0.7 gL-1 L-proline, 68.4 gL-1 sucrose, and 36 gL-1 glucose (pH 5.2). This 
medium was filter-sterilized and stored at 4°C. Filter-sterilized acetosyringone (AS, 
100 mM) was added prior to use. 100mM AS stocks (dissolved in Dimethyl Sulfoxide 
DMSO to 200mM then diluted 1:1 with distilled water) and stored at -20ºC for use as 
needed. 
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 Co-cultivation Medium (CCM) (made fresh – use within 4 days): 
N6 salts and vitamins, 1.5 mgL-1 2,4-D, 0.7 gL-1 L-proline, 30 gL-1 sucrose, and 3 
gL-1 gelrite (pH 5.8). Filter sterilized silver nitrate (0.85 mgL-1), AS (100 mM), 
Cysteine (300 mgL-1), and N6 Vitamins were added to this medium after autoclaving. 
 Resting Medium (RM): 
N6 salts and vitamins, 1.5 mgL-1 2,4-D, 0.7 gL-1 L-proline, 30 gL-1 sucrose, 0.5 
gL-1 2- (4-morpholino)-ethane sulfonic acid (MES), and 8 gL-1 purified agar (pH 5.8). 
Filter sterilized N6 vitamins, cefotaxime (100 mgL-1) and vancomycin (100 mgL-1), 
and silver nitrate (0.85 mgL-1) were added to this medium after autoclaving. 
 Selection Medium I (SMI): 
N6 salts and vitamins, 1.5 mgL-1 2,4-D, 0.7 gL-1 L-proline, 30 gL-1 sucrose, 0.5 
gL-1 MES, and 8 gL-1 purified agar (pH 5.8). Filter sterilized N6 vitamins, cefotaxime 
(100 mgL-1) and vancomycin (100 mgL-1), silver nitrate (0.85 mgL-1), and Bialaphos 
(1.5 mgL-1, Shinyo Sangyo, Japan) were added to this medium after autoclaving. 
 Selection Medium II (SMII): 
N6 salts and vitamins, 1.5 mgL-1 2,4-D, 0.7 gL-1 L-proline, 30 gL-1 sucrose, 0.5 
gL-1 MES, and 8 gL-1 purified agar (pH 5.8). Filter sterilized N6 vitamins, cefotaxime 
(100 mgL-1) and vancomycin (100 mgL-1), silver nitrate (0.85 mgL-1), and Bialaphos 
(3 mgL-1) were added to this medium after autoclaving.  
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2.8 Culture media for regeneration of transformed materials 
 Regeneration Medium I (RMI): 
MS salts (Murashige and Skoog, 1962) and modified MS vitamins, 60 gL-1 
sucrose, 100 mgL-1 myo-inositol, no hormones and 3 gL-1 gelrite (pH; 5.8). Filter 
sterilized cefotaxime (250 mgL-1) and Bialaphos (3 mgL-1) or Glufosinate Ammonia (4 
mgL-1) were added to this medium after autoclaving. 
 Regeneration Medium II (RMII): 
MS Salts and modied MS vitamins, 100 mgL-1 myo-inositol, 30 gL-1 sucrose, 3 
gL-1 gelrite, (pH; 5.8). Infection medium was filter sterilized, whereas all other solid 
media were autoclaved at 120 °C for 15 minutes according (Wang 2006). 
 
 
 
 
 
 
 
 
 
 General materials and methods 
64 
 
2.9 Methodology 
Agrobacterium-mediated transformation of immature zygotic 
embryos (IZEs) protocol 
2.9.1 Agrobacterium strain culture and preparation 
The vector system, in Agrobacterium strain EHA101 or in EHA105, used in these 
experiments was maintained on Yeast Extract Peptone (YEP) and Luria-Bertani (LB) 
medium (An et al. 1989) containing the appropriate antibiotics. Bacteria cultures for 
weekly experiments were initiated from stock plates that were refreshed from long-
term -80°C glycerol stocks.  
Every 4 weeks, a “mother” plate was re-initiated from this long-term glycerol 
stock by streaking the bacteria to YEP or LB (with antibiotics) and growing for 2 days 
at 28°C. The “mother” plate was then kept in the refrigerator (4°C) and used as a 
source plate for Agrobacterium cultures. For weekly transformation experiments, the 
mother resource plate was used to prepare the Agrobacterium inoculation by 
culturing and plating Agrobacterium cells for 3 days at 19°C for pTF102 or at 28°C 
for 2 days (CBF).  
In all transformation experiments, bacteria cell densities were adjusted 
immediately before embryo infection to a spectrophotometer optical density (OD550 nm) 
between 0.35 to 0.45 for pTF102 and lower than 0.7 for the CBF construct. 
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2.9.2 Explant preparation  
2.9.2.1 Embryo dissection 
In-vitro tissue culture techniques require not only an aseptic work environment, 
but also contaminant-free starting materials. 
A well-established protocol was adopted for the immature embryos sterilization 
(IES) as an initial material used for Agrobacterium-mediated transformation (Frame 
et al. 2000) . Accordingly the steps described below were followed: 
1.  The top 1 cm of the ear was cut off and discarded. Then the tip of a sterilized 
straight netting needle was inserted into this end of the ear.  This “handle” facilitated 
aseptic handling of the cob during embryo dissection, and made the dissection 
easier. 
2. In a sterilized container in laminar flow bench, the impaled ear was immersed into 
a sterilizing solution [700 mL of 50% commercial bleach (5.25% sodium hypochlorite) 
in water + 1 drop of surfactant Tween 20]. During the 20-minute disinfection, 
occasionally the container containing the ears was tapped on the surface of the flow 
bench to dislodge air bubbles for thorough surface sterilization of the ear. Also, the 
ears were stirred every 5 minutes to remove the air bubbles and make the ears fully 
sterilized. After that, the bleach solution was poured off and the ears were rinsed 
three times in generous amounts of sterilized distilled water. The final rinse was 
drained off and the ears were ready for embryo dissection. 
3. In a laminar flow bench, the kernel crowns (the top 1-2 mm) of the handling 
sterilized ear were cut off with a sterile, sharp scalpel blade.  
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4. The final step was to excise the embryos by inserting the narrow end of a 
sharpened spatula between the endosperm and pericarp at the basipetal side of the 
kernel (towards the bottom of the cob) popping the endosperm out of the seed coat. 
This exposed the untouched embryo, which sat at the topside of the kernel, close to 
the kernel base. The embryo was gently coaxed onto the spatula tip and submerged 
in infection medium. A Bead Sterilizer was used for intermittent re-sterilizing of 
utensils throughout this protocol. 
Inoculation with Agrobacterium and co-culture of the embryo 
clusters 
2.9.3 Agrobacterium infection 
 Four days prior to inoculation, appropriate A. tumefaciens cultures were 
streaked in a petri dish containing an appropriate solid medium (LB or YEP) 
amended with antibiotics.  The medium contained the antibiotics to select for the 
plasmids present in the Agrobacterium vector [usually, Kanamycin (km) for pBin 
derived vectors and Tetracyclin (tet) for EHA105-pCH32 Agrobacterium strain, or 
spectinomycin (spec) for pTF102 plasmid and Km for EHA101 Agrobacterium strain. 
Storage cultures were kept in a -80o C freezer or a fresh streak of the strain was 
used. A total of 5 plates per strain were grown for 3 days at 19°C (or 2 days at 28°C). 
2.9.3.1 Day of inoculation: 
To begin an experiment, one full loop (3 mm) of bacteria culture was scraped 
from the plate cultured for 3 days and suspended in 5 mL infection medium (Inf) 
supplemented with 100 mM AS (acetosyringone) in a 50 mL tube. Then, the tube 
was affixed horizontally to a shaker platform and shaken at low speed (~75 rpm) for 
two to four hours at room temperature. Agrobacterium should be growing vigorously 
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at this time (Wang 2006). If the Agrobacterium culture was growing slowly and the 
Agrobacterium suspension was translucent, the Agrobacterium culture is allowed to 
grow for additional 2 hours. The optical density (OD550) of the culture was measured 
prior to use and adjusted to the desired level (0.3 - 0.4) with additional amounts of 
fresh medium of IM.  This pre-induction step was carried out for all experiments. 
For infection, once the pre-induction step was completed, IZEs from one ear (1.5 
to 2.0 mm) were dissected directly into a 2-mL Microcentrifuge tube filled with 
Agrobacterium-free infection medium (with100 mM AS). IZEs were washed twice 
with this medium. The final wash was removed and 1 to 1.5 ml of Agrobacterium 
suspension (OD550= 0.3 to 0.4) was added to the embryos. Embryo infection was 
accomplished by gently inverting the tube 20 times before resting it upright with 
embryos submerged in the Agrobacterium infection medium for five minutes in the 
dark. Embryos were not vortexed at any time during this procedure. These and all 
subsequent tissue culture steps were carried out in a laminar flow bench using 
aseptic technique. 
2.9.3.2 Co-Cultivation 
After infection, embryos were transferred to the surface of co-cultivation medium 
and excess Agrobacterium suspension was pipetted off the medium surface and 
removed from the area surrounding each embryo. Embryos were oriented with the 
embryo-axis side in contact with the medium (scutellum side up3). 
Plates were wrapped with air permeable adhesive tape (leucopore tape, Melford 
chemical, UK) and incubated in the dark at 20ºC for three days in a secure incubator. 
                                               
3
 Leave the lid of the co-cultivation plate ajar for up to 1 h to let the medium and embryo surfaces dry 
further before orienting each embryo scutellum side up with the aid of a stereo microscope. 
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2.9.4 Callus induction; resting 
After three days of co-cultivation, embryos were transferred to the callus 
induction medium (the resting medium) at 28 ºC in the dark for 7 days. 
Sometimes a delay in embryo response was noticed, and in some cases, 
embryo death after 3 days of co-cultivation was registered. Nevertheless, all 
embryos were transferred as many of the slow responding embryos eventually 
formed callus. No embryos were discarded prematurely, and the embryos were 
transferred throughout the following selection steps continuously. Plates were 
wrapped with a leukopor tape. All embryos were transferred from co-cultivation 
medium to resting and selection media. 
After 1 week on resting medium, embryogenic callus induction frequency (ECIF) 
of Agrobacterium-infected embryos which co-cultivated on medium containing 300 
mgL-1 cysteine was calculated as a percentage of targeted embryos. ECIF was 
measured as the number of co-cultivated immature zygotic embryos that had 
initiated embryogenic callus formation at their scutellum base after 7 d on a resting 
medium, expressed as a percentage of the total number of embryos plated on the 
resting medium.  
2.9.5 Selection for stable transformation events 
After 7 days on resting medium, embryos, responding or not, were transferred to 
selection I medium (35 IZEs per plate) containing 1.5 mgL-1 filter-sterilized bialaphos 
in order to select of transformed calluses for 2 weeks. Callus pieces were transferred 
every 2 weeks to a fresh selection medium. Selection medium (SM) was similar to 
that used for callus initiation, but selected antibiotic (bialaphos or kanamycin) was 
added to the SM. This was the first selection. After that, 2- 4 subcultures, depending 
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on the genotypes, were carried out on a fresh medium containing the same amount 
of antibiotics for selection. IZEs were then sub-cultured for two more 2-week 
passages on Selection II medium containing 3 mgL-1 bialaphos (25 callus per plate), 
and this selection was the second selection. Embryogenic calluses that were 
antibiotic/bialaphos-resistant were produced on selection II medium.  
An individual transformed clone was identified as carrying the plate number that 
it derived from and transferred to another plate containing fresh media. The callus 
clump from which it originated was transferred to the same plate as well to ensure 
that a single transformation event was picked only once. Within 11-13 weeks of 
transformation, antibiotic-resistant clones which emerged from the selected callus 
pieces were putatively transgenic proliferated type II calli. However, samples from 
these antibiotic- resistant clones were collected for molecular analysis using 
polymerase chain reaction (PCR) and for histochemical staining of GUS activity 
using a GUS reaction mixture with X-Gluc solution. 
Plates were wrapped with Parafilm throughout the selection and incubated at 
28°C in the dark. Throughout the selection stages, 100 x 20 mm petri dishes (Sigma-
Aldrich, UK, P5606-400EA) were used to culture the materials. 
Putatively transformed events were visible as rapidly growing Type II callus 
emerging from a subset of embryos. This event can be recognized with the naked 
eye several weeks after infection. It has previously been established that the rate of 
clone emergence is construct dependent. For example, putative Type II callus Hi II 
events can be visible as early as five and as late as 10 weeks after infection (Frame 
et al. 2011).  
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Stable transformation efficiency (%) was calculated as the number of bialaphos 
resistant callus events recovered per 100 embryos infected after 4 to 6-week of 
selection. 
2.9.6 Regeneration of transgenic plants 
2.9.6.1 Shoot formation; Mature somatic embryos production 
Regeneration of R0 transgenic plants from Type II embryogenic callus was 
attempted next. From the literature, this should be accomplished by a 2 to 3-week 
maturation step on Regeneration I Medium RMI, containing no hormones but with 0-
3 mgL-1 bialaphos. This is the third selection followed by germination in the light on 
Regeneration Medium II- as described in Frame et al. (2000). For some events, it 
was noticed that no somatic embryos were formed. In these cases, calluses were 
first transferred to RM amended with 0.25 mgL-1 2,4-D (pre-regeneration medium) 
and 1 mgL-1 bialaphos at 25oC in the dark for 2-weeks (Armstrong 1994; Frame et al. 
2000).  
Regeneration of transgenic Type II callus (friable, stocked somatic embryos 
present) was accomplished by transferring many small pieces (approximately 4 mm) 
of somatic embryo-enriched callus from pre-regeneration medium to Regeneration 
Medium I and incubating for 2-3 weeks. Mature somatic embryos were produced and 
shoot formation was begun at this stage. About 10 to 15 small pieces of highly 
embryogenic callus placed per petri dish. Petri-plates were wrapped with vent tape 
(leucopore tape) and incubated at 25°C in the dark. 
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2.9.6.2 Plantlet formation; Rooting of shoots and elongation 
After 2-3 weeks on Regeneration I medium, the majority of callus pieces 
producing one or more mature somatic embryos should appear swollen, opaque and 
white. After that, by using a stereo microscope, mature somatic embryos were 
transferred from the dark on Regeneration I medium to the light on the surface of 
Regeneration II medium for germination in an illuminated incubator as described by 
Frame et al. (2000). Mature somatic embryos were transferred to the light (80–100 
μE m-2 s-1 light intensity, 16:8 h photoperiod) on RMII media containing 3% sucrose 
and no hormones where they germinated for 7 to 21 days to form plantlets. Again the 
petri plates were wrapped with leucopore tape and incubated at 25°C, in the light. 
Plantlets sprouted leaves and roots derived from mature somatic embryos through 
further maturation and germination on this medium for 1 week.  
When the plantlets formed fully formed roots and shoots with a leaf length of 2 to 
4 cm, they were transferred individually into a culture tube (150 x 25mm glass vials) 
containing 15 mL of 2/3 strength MS (Murashige and Skoog, 1962) solid media for 
further elongation. After that, these plantlets were grown in glass vials with MS for up 
to 14 days until they reached a size of approximately 10cm.  
 
Frame et al. (2011) have mentioned that Hi II plantlets sprouted leaves and roots 
on Regeneration II medium within 1 week and were ready for transfer directly to soil 
about 3 days later (10 days after transfer to this medium). 
Regeneration percentage (%) was measured as the number of independent 
transgenic clones successfully regenerated to plants per 100 events for which 
regeneration was attempted. 
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2.9.7 Plant hardening in a controlled environment: Acclimation of 
plantlet 
When plantlets were of 6-10 cm leaf length and had roots which were well 
established, they were transplanted into pre-wetted soil mixture (Multi-purpose 
compost and John Innes Compost No.2; ratio 2:1) in small pots (5 cm) in a growth 
chamber (170 μE m-2 s-1 light intensity, 22°C, 16:8 h photoperiod) as described for 
the growth of donor plants (Chapter 3). Roots were rinsed thoroughly with distilled 
water prior to transplanting. Small plants were initially covered with a plastic Humi-
dome with one ventilation hole opened and placed in a growth chamber. After 6 to 7 
days and before plants reached the top of the Humi-dome, the plastic dome was 
removed, and four to seven days later the plants were transplanted into bigger pots 
(10 cm) and kept in the growth chamber for 7 days. After that, the plants were taken 
out of the growth chamber for left for seven to ten days in the lab.  When the plants 
could be easily lifted out of the small pot with roots holding the soil, each plantlet was 
transplanted to a larger pot (40 cm) in the laboratory, and transferred to the 
glasshouse. This step is restricted under UK GM regulations so only non-transgenic 
plants were transferred to the glasshouse and GM plants were grown on in the 
growth chamber. Young plants were fertilized regularly with Miracle-Gro (NPK 
fertilizer (24-8-16) with Micro-nutrients), and treated with the calcium/magnesium 
recipe by watering them once every 2 weeks with this mix as described for the donor 
plants care (Chapter 3). 
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2.10 Molecular techniques 
The presence of the CBF gene and the bar gene were confirmed in the both A. 
tumefaciens strains used in this study EHA101 and EHA105; the transformation 
process was confirmed using the GUS assay and by the polymerase chain reaction 
(PCR). 
2.10.1 Genomic DNA extraction from maize callus and leaf tissue  
For the events generated using the CBF and bar gene construct, genomic DNA 
was used for PCR and qRT-PCR. Leaf samples and callus pieces were collected 
from transformed and non-transformed events simultaneously. For each event, after 
3 to 4 sub-cultures on media containing a suitable antibiotic or bialaphos as a 
selection agent, three samples of surviving callus were selected and ground 
immediately in liquid nitrogen using a pestle and mortar. Samples of the powder 
were stored at -20°C after the complete evaporation of the liquid nitrogen. Moreover, 
leaf samples were detached from each transformed plant and non-transformed 
plants and placed immediately in liquid nitrogen, then ground and stored. In both the 
callus and transgenic plants, the total genomic DNA for molecular analysis was 
extracted from the sample powders using a Genelute plant genomic DNA miniprep 
kit (Cat. No. G2N70. Sigma Aldrich. UK), and then quantified spectrophotometrically 
(A260/A280) (as outlined in chapter 6).  
2.10.2 Polymerase chain reaction PCR on genomic DNA 
 Integration of T-DNA, carrying the marker gene (bar or NPtII ) or the CBF gene, 
in the genomes of transgenic maize plants was assessed through polymerase chain 
reaction (PCR) analysis of total isolated DNA (Mamontova et al. 2010) using primers 
of the selection gene (antibiotic resistance). PCR was performed in 25 μL PCR 
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master mix containing the appropriate forward and reverse primers and transgenic 
genomic DNA as template according to the PCR program (presented later in Chapter 
6). All samples were stored at -20 °C for later use. 
All PCR amplifications were carried out using the Applied Biosystems, Veriti 96 
well thermal cycler and a Master Cycler Gradient (Eppendorf, Hamburg, Germany). 
Gel running was carried out using agarose gel 1% for 1 to 1.5 hours, after which the 
gel was examined under UV light under a  Bio Rad universal Hood II (Gel-Doc XR: 
170-8170) to detect the relative bands. Band intensities proportions and locations 
were compared with the positive sample (Agrobacterium plasmid) and negative 
sample (control, non-transformed genomic DNA).  
2.10.3 Quantitative Real-Time PCR (qRT-PCR) analysis 
Quantitative real-time PCR (qRT-PCR) was adopted to estimate the integrated 
transgene copy number in transgenic callus and genomes of maize plants generated 
using the two different plasmid vector constructs. 
The quantitative PCR (qRT-PCR) amplification was performed in 96-well 
reaction plates on the StepOnePlus™ Real-Time PCR systems (Applied 
Biosystems), in a 25 μL final volume, according to manufacturer’s instructions 
(TaqMan probe, Life Technologies Ltd, UK). Primers and probe used for the 
endogenous single copy gene “chi” were as reported by Dalla Costa et al. (2009) 
(see Chapter 6 for details). The StepOne and StepOnePlus systems use fluorescent-
based PCR reagents to provide quantitative detection of target nucleic acid 
sequences (targets) using real-time analysis. 
The estimated copy number of the transgenes obtained by quantitative real-time 
PCR (qRT-PCR ) has been previously shown to yield identical results to the more 
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established Southern blot analysis (Song et al. 2002). Furthermore, a TaqMan 
quantitative real-time PCR detection system is suitable for efficient early screening of 
transgenic clones. Identifying transgene copy number by this system has been  
found to be more accurate than genomic Southern blot hybridization (Mason et al. 
2002) and it is suitable for the determination of transgene homozygotes in 
segregation populations effectively and reduces the cost and intensive labour 
requirements (Yi et al. 2008). In addition this method is amenable to identifying 
transgene copy number for large numbers of transgenic events rapidly while 
requiring very little tissue (Song et al. 2002). Thus, qRT-PCR represents an efficient 
means for determining transgene copy numbers in transgenic maize plants using 
Applied Biosystem, StepOne Plus Real-Time PCR Software v2.0. 
 
2.11 Histochemical GUS assays 
The histochemical beta-glucuronidase (GUS) assay (Jefferson 1987; Wilson et al. 
1995) was used to screen for reporter gene expression in the herbicide-resistant 
events derived from immature embryos treated with the construct pTF102. This 
assay was carried out on most of bialaphos-resistant putative transgenic calli 
recovered from the selection. Different parts of transformed plants and non-
transformed plants underwent screening. Stem, leaf, root, and other parts of plant 
organs were cut from transformed plants and submerged in the GUS reaction 
mixture as described in (Chapter 6). Furthermore, histochemical staining of GUS 
activity was performed on leaf pieces of R1 progeny of transformed plants and 
control plants to confirm expression of the GUS transgene in segregating offspring of 
studied germplasms. 
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Shen et al. (1993) has described the expression of GUS reporter gene delivered 
with high efficiency to maize shoots by A. tumefaciens. 
2.12 Abiotic stress assessment techniques; (physiological assay) 
2.12.1 Assessing transformed plants in-vivo for salinity resistance 
Assessing transformed plants in-vivo to salinity resistance was carried out under 
controlled environment conditions over the entire growth cycle. 
R1 progeny of transgenic clones were grown in the growth chamber at 23
oC, 13 h 
light/11 h dark. Three week-old seedlings of the transgenic plants and of controls 
were irrigated with distilled water amended with different amounts of sea water under 
normal conditions for nearly 70 days. Physiological indicators such as: 
Photosynthetic efficiency as chlorophyll fluorescence Fv/Fm (energy dissipated via 
photochemical processes), plant height, plant stem diameter, leaf area index, 
specific leaf area and dry weight were used for expression analysis. Three biological 
replicates per treatment were used for analysis of transgenic plants tolerance of salt 
in comparisoun with unaltered plants (control). The Fv/Fm values were calculated 
before the treatment with the saline water and after every 7-10 days treatment with 
saline water. The chlorophyll fluorescence was measured using a Pocket PEA 
photosynthesis system according to the instructions of Hansatech Instruments Ltd, 
UK. The Fv/Fm values were analysis using the Pocket PEA Plus Software. 
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2.13 R1 progeny screening for bar gene expression 
To confirm that the bar gene is expressed in the regenerated transgenic plants of 
studied genotypes; plantlets were sprayed with a herbicide (bialaphos). Two weeks 
old and 3-4 weeks old plantlets were sprayed with different concentrations of 
bialaphos solution and 0.1% (v/v) Tween 20. One leaf from each plant was painted 
using a paint brush, and for other treatments, the whole plant was sprayed with 
bialaphos solution. Plants continuing to express the bar gene providing resistance to 
bialaphos or phosphinothricin were bialaphos-resistant plants and remained alive. 
Death of the non-transformed plants was indicated that these plants were very 
sensitive to the herbicide and could not detoxify the herbicide. Therefore, the 
transformed plants expressed the bar gene that encodes a phosphinothricin acetyl 
transferase (PAT) enzymes that modifies phosphinothricin and detoxifies the 
herbicide, conferring cellular resistance to bialaphos as well as phosphinothricin or 
glufosinate. 
 
2.14 Statistical Analysis 
Analysis of variances (ANOVA) was carried out on experiments using Minitab 
v.16 Statistical Software. Results are presented as means + standard error (s.e).The 
means were compared using least significant difference (LSD) test. Correlation 
among the different parameters was assessed using Excel curve fitting, and values 
of the correlation coefficient for different levels of significance investigated according 
to Fisher and Yates (1949). 
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3.1 Growth of Donor Plants 
Harmonization of male and female flowering 
Harmonization of male and female flowering for each maize genotype needed to 
be established in the glasshouse. Pollen from tassel shed is required at the same 
time of silk emergence within each genotype for cross-fertilization in order to ensure 
maximum kernel set; cobs production (Westgate et al. 2003). The synchronization of 
silking and pollen shedding of maize genotype with other important factors such as 
the distance from the pollen source and wind direction affected the rate of cross-
fertilization in maize (Ma et al. 2004). Naturally pollen shed and silk emergence are 
slightly asynchronous and this may be accentuated by plant stress such as drought 
or high plant density (NeSmith and Ritchie 1992; Traore et al. 2000; Frankel and 
Galun 2012). A husbandry care plan of donor maize plants was needed in order to 
produce sufficient high quality immature embryos for laboratory experiments. Plants 
of each genotype were initially cultured in a controlled environment (temperature and 
light) and then transferred to the glasshouse and potted on as outlined below.   
3.1.1 Seed germination and plant hardening under controlled 
environment conditions  
Germination of selected Syrian maize genotypes and “Hi II” grains was 
conducted under laboratory conditions (Plate 3. 1). Germinating grains were then 
sown in 9-cm round pots (Capacity: 0.36 L), or in 10-cm square pots (approximately 
700 mL volume) containing a loam based cultivation substrate (John Innes seed 
sowing compost) and then placed in a growth chamber (22/20 oC day/night, 13 hours 
light, 170 μmol s−1m−2 photon flux density) for three weeks by which time the 
seedlings had reached 3-4 leaf stage with a good root mass (Plate 3. 2). 
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Soil moisture was checked daily by observing the darkness of the soil surface 
and each plant was watered individually according to need in order to avoid over-
watering (Frame et al. 2006b; Jones 2008). It was important not to over water plants 
at any stage (especially at early stages before internode elongation) to ensure the 
development of a good root system. Excessive watering or a poor drainage 
promotes rot/fungal growth at the stem/root junction so adequate drainage is 
important. 
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Plate 3. 1: Establishing maize plants in the growth chamber, 4 days old. 
 
Plate 3. 2: Maize plants at 3-4 leaf stage in the growth chamber  (left), plantlets with 
soil adhering to well established roots 1 week after transferring to glasshouse (right). 
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3.1.2 Hardening and transplanting young maize plants to the 
glasshouse 
An important process for preparing the plantlets for transplanting into the 
glasshouse is a “hardening off” procedure that acclimates the plantlets prior to its 
placement in a new environment. Hardening normally takes 1 week with the plantlets 
being placed in the glasshouse and in a shaded environment during this period. In 
addition, watering was provided properly and no fertilizer was given to the plants, the 
objectives being to slow additional height growth, although the plantlets themselves 
became larger and the roots established well. 
  When the plants could be easily lifted out of the pot with soil adhering to the 
roots, they were transferred to a glasshouse in full daylight (25/21oC day/night, 16 
hours light). Whilst the daytime temperature was set at 25oC and the night-time 
temperature at 21oC with the current cooling system in the glasshouses, daytime 
temperatures in summer could range as high as 37oC regardless of thermostat 
settings (Figugre 1). Plants were allowed to equilibrate for a further week, and then 
each maize plant, with an intact root ball, was transplanted into a 35-cm pot (20 L) 
containing a suitable loam-based substrate mix (multipurpose John Innes compost 
and the John Innes No.2 soil in a 2:1 ratio volumetrically) and 60 g Osmocote Pro4 (a 
general long-term slow release fertilizer that contained (19% N, 6% P and 12% K) 
was added per pot for long-term fertilization. With Osmocote plant food, plants get 
continuous and constant nutrition for up to four full months.   
 
                                               
4
 Each Osmocote granule is coated with a unique resin that controls nutritional release. This 
means that plants get what they need, when they need it. Osmocote longevity is 3 to 4 months at 
21 
◦
C, 1 to 2 months at 32 
◦
C (Product Specification Sheet, Scotts Miracle- Gro). 
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3.1.2.1 Transplant the young maize plants 
Young plants (4 weeks old) were transplanted into 35 cm pots in the glasshouse 
according to the steps outlined below: 
- The multiple purpose compost was mixed with the John Innes No.2 soil (2:1 
ratio). Then, 50% of the pots volume was filled with the soil mixture. 
- Before finishing the rest of the pot, Osmocote 60 g was mixed gradually with 
the soil to finish filling the pot by adding compost until 2-3 cm from a top edge 
of the pot.   
- Young plants were moved with soil adhering to the root ball from the small 
pots into the middle of the big pots. The roots were covered with soil and 
plants were planted deeply enough to be sure they will not tip over when they 
grow taller, and can form good roots.  
- Each pot was drenched with water alone without fertilizer until the water 
reached the top edge of the pot, and it drained completely. 
- Each pot was labelled and fixed using a stick immersed in the soil beside the 
plant.  
 
3.1.2.2 Watering the plants 
The maize plants require significant quantities of water, but do not tolerate 
excess, since the roots will not be able function under anaerobic over-watering 
conditions. Normally, no watering was needed during the first week after 
transplanting the plants into big pots, but this depended on the season and prevailing 
temperatures. About 7 days after transplant, or at the 6-7 leaf stage (Plate 3. 3), 
each plant was thoroughly watered and each pot was individually watered according 
the need. Small plants needed special attention as they prefer a drier root 
  Growth of donor plants 
 
86 
 
environment to stimulate and develop a good and strong root system. Controlled soil 
water has been shown to stimulate the development of a root system and 
significantly enhance root to shoot ratio (Kang et al. 2000). The only way to develop 
a good rooting system was by giving the plant the water when it was really needed. 
A constant check was needed to determine whether the plants needed water or not, 
by checking the soil moisture through the drainage holes in regard to the dry soil 
surface. Developing a healthy root system at this early stage of growth was the most 
critical issue for maize plant breeding in the glasshouse. There are many factors 
affect the size of the root system; it is not only  genetically determined but, is also 
influenced  by the moisture level, the structure and texture of the soil and its 
temperature and chemical factors (pH, electrical conductivity EC, and levels of 
essential and toxic elements) (Jones 2008). 
During the vegetative growth period the young plants were kept as close to the 
greenhouse lights as possible by keeping them on tables. To ensure adequate root 
system development, particular care was taken to avoid over-watering plants at this 
stage. Maintaining the lowest moisture of soil around the stem and through the 
plants canopy will keep the plant canopy dry and reduce the possibility of fungal 
diseases.    
Further fertilization was applied to the plants when a good root and leaf system 
was established using a soluble plant food (Miracle-Gro solution) (one large 15 mL 
spoonful in 4.5 litres of water).   
 
 
   Chapter 3 
 
87 
 
 
Plate 3. 3: Young maize plants at 6-7 leaf stage in the glasshouse. 
 
3.1.2.3 Watering after 6 to 7 leaf stage 
Plants needed more water at the 8 to 11 leaf stage as internodes elongated and 
the tassel/ear was formed (Plate 3. 4). The soil moisture was checked daily and 
whenever the soil was dry, plants were watered again individually. The period 
between irrigations was reduced to provide more water. A second dose of Miracle-
Gro solution fertilizer was added to the plants at the 8-11 leaf stage of growth. 
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Plate 3. 4: Maize plants at 11 leaf stage, growing in the greenhouse beside young 
plants. 
Throughout the development of the plants, male and female flowering times 
were monitored and recorded (Table 3. 1). After this, the differences between male 
and female flowering were considered for all future experiments of growing. Phased 
plantings of maize were grown to ensure the harmonization of male and female 
flowering within a genotype (Plate 3. 4).     
Table 3. 1: Time of male and female flowering under glasshouse conditions. 
 Genotypes 
Number  days from planting  
Delay of silks 
(days) 
Tassel shed 
() 
Silks emerging 
( ) 
Basil.1 80 82 2 
Basil.2 83 85 2-3 
Ghota.1 90 92 2 
Ghota.82 99 102 3 
Inbred line.3: 
565- 06 
108 >115 >7 
Inbred line.4: 
792- 06 
87 94-96 7-9 
10 cm 
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Every pot was assigned a serial number and genotype name and dated clearly. All 
plant numbers were scheduled in a logbook and data recorded for every individual 
pot including the flowering time, watering, nutrient deficiency, fertilization, pest 
control, pollination and  sampling/harvesting. 
3.1.3 Production of immature embryos for Agrobacterium-mediated 
transformation   
Plants are required as embryo donors for genetic transformation studies which 
utilised immature zygotic embryo explants. Initial work aimed at establishing a 
suitable system for the growing of Syrian maize genotypes plants in the glasshouse 
for this purpose. Maize seeds were sown with intervals, according to the delay of 
silks as mentioned in the (Table 3. 1), to ensure the synchronization of silking and 
tasselling within a genotype plants. Thus, a constant supply of available pollen could 
be ensured for cross-fertilization.   
For all transformation experiments, each time three pots of each genotype were 
grown. On average about 30 maize plants delivered 20 useable ears to the lab at 
staggered times.  
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3.1.3.1 Pollination 
Flowering was monitored daily for glasshouse-grown plants. When the silks 
started emerging (Plate 3. 5), each ear was covered with a white paper bag (shoot 
bag) to prevent contamination of the silks with unwanted pollen before hand-
pollinating5 . The shoot bags were tightened firmly over each ear every morning. The 
shoot bags were affixed carefully to avoid destroying silks. At the same time, once 
tassels started to shed pollen, they were covered with plain brown paper bags to 
collect pollen from the donor plants and to prevent pollen release (Plates 6, 7 and 8). 
The shoot bags were affixed carefully to avoid destroying of silks or remove the ear 
leaf when we try to get at the emerging silks.   
 
 
Plate 3. 5: Silks emerging, 1 day old in the glasshouse. 
                                               
5
 If the emerging silks will be “contaminated” with unwanted pollen, the ears will have to be discarded. 
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Plate 3. 6: Covering of 2-3 days-old Silks emerging in the glasshouse. 
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Plate 3. 7: Beginning of maize tassels shedding pollen and pollen collection in the 
glasshouse. 
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Plate 3. 8: Covering of the Tassels and emerging Silks of maize plants located in the 
the glasshouse 
 
The most effective means to ensure complete tassel pollination in the 
glasshouses is by hand pollinating (Stanley and Linskens 2012) by releasing the 
pollen over the silks several times over a 3 to 7 day period to ensure pollination of as 
many ovules as possible (Plate 3. 9). Every morning, the flower pollination was 
carried out when the glasshouse temperature was at its lowest due to the pollen 
longevity and pollen vigour affected by the temperature (Hoekstra et al. 1992). 
However, temperature could be used to favour pollen longevity with early maturity to 
increase the vigour of pollen (Bajaj et al. 1992; Ottaviano et al. 2012). Ma et al. 
(2004) confirmed that the cool temperature and high humidity favour the pollen 
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longevity. Pollen that was collected in the brown bags was spread over the emerging 
silks of plants of the same genotype. The most successful fertilisations irrespective 
of genotype, was obtained when the silks were 2-3 days old and short. However, if 
the silks were long and up to a week old, successful crosses could still be obtained if 
the silks were cut back (Plate 3. 10), re-covered again with the shoot bag and the 
fresh growth of silks was pollinated the next day.  
Pollen shed could be begin before silking and can continue over a week or 
longer depending on the environmental conditions (Ritchie et al. 1993). If the silk 
emergence was delayed and the tassels were flowering and ready to release pollen, 
crystalized yellow pollen was often collected in the brown bags and was not viable. 
Generally, maize pollen remains viable to pollinate silks only for 1–2 hours after 
pollen shedding (Luna et al. 2001). Westgate et al. (2003) estimated that individual 
tassels of three hybrids of (Pioneer Hi-Bred Intl., Johnston, IA) produced 4.5 × 106 
pollen grains on average, and pollen shedding lasted for 5-6 days with a peak 
intensity 2 to 3 days of shedding after anthesis. White and light yellow pollen was 
successfully used for pollination of maize genotypes.   
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Plate 3. 9: Hand pollinating of female flower (silks, 2-3 d old) (a), the fresh 
stubs catching pollens (b) and covering the ear with the pollination bag (c). 
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Plate 3. 10: Revitalization of old silks by cutting back using a sterilized scalpel. 
Sometimes, if the ears were large enough, and to make the silks more uniform 
for pollination the top of the emerging ear was cut off with a sterilized scalpel6 before 
the silks emerged.  
After pollen was collected from the tassel of a donor plant, the bag was marked 
with a male sign () followed with the genotype name to indicate that pollen had 
already been used for this plant. For recording all crosses, the female plant ID (the 
plants whose ear was being pollinated) was listed first, and the male or pollen donor 
second (female  x male ), followed by the date of pollination. Black permanent 
marker pen was used for recording in a glasshouse work because all other colours 
will eventually fade due to sunlight. The ears that had been pollinated were kept 
bagged with the brown bags (Plate 3. 9,c). 
                                               
6
 Make sure to clean the scalpel with 70% ethanol before cutting each ear to avoid contamination with 
or spread of mold or bacteria between ears. 
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3.1.3.2 Cob harvest with non-transgenic immature embryos  
After pollination, plants still needed special care of to ensure high quality embryo 
production. Both callus induction and subsequent transformation efficiency are 
reported to be influenced by the quality of the immature embryos (Frary and Earle 
1996; Frame et al. 2000; Loganathan et al. 2010). Vega et al. (2008) reported that 
the transformation frequencies were affected by the used immature embryos grown 
in various seasons with the highest average of transformation frequencies (18%) 
achieved using Agrobacterium tumefaciens-mediated transformation of immature 
zygotic embryos of Hi II maize. 
- During the 2 weeks after pollination, plants were watered about 3 times over a 
10 day period (depending on the temperature and the season). At 16-25 days 
after pollination, plants were provided with water twice every 10 days. 
- At 15 days post-pollination, pollination bags were removed and the ears 
exposed to the air to let them dry and to prevent the development of fungal 
growth and rot.  
Embryo size was checked 13 days after pollination by removing individual 
kernels from the middle of the ear and dissecting out the embryo. Surface 
sterilization of the ear/cob was carried out using 70% ethanol in the dissection 
position of the cob in the glasshouse. Kernels were removed using a sterilized 
scalpel blade and dissected to obtain the intact immature embryo which was 
measured using a ruler (Plate 3. 11). Afterwards, the husks in the position of 
dissection were cleaned using ethanol and taken back to cover the cob’s seeds. 
When the immature embryo size was about 2.00 mm, ears were harvested and 
stored at 4oC in the fridge for up to three days to further dissection. 
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Plate 3. 11: Checking embryo size on the plant prior to cob harvesting. 
The time taken to develop usable immature embryos which sized 1.5-3.0 mm in 
length was different (Table 3. 2). This variation was correlated with genotype and 
also with glasshouse temperature (average of 19.7°C) (Figure 3. 1), and light.  
Table 3. 2: Number of days post pollination to harvest the cobs containing immature 
embryos. 
 Number of the days from planting until 
Number of days 
post pollination Genotypes 
Pollination 
(  x ) 
Cob Harvesting 
Basil.1 85 105 20 
Basil.2 88 109 21 
Ghota.1 95 116 21 
Ghota.82 104 126 22 
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Figure 3. 1: Glasshouse temperature, May to August 2011, during the growth of donor 
plants to produce immature embryos, the first experiment. 
Five to 10 ears were required for the lab work to carry out the transformation 
experiments each week and this required attention to detail in the plant growing 
schedule. However, when there was a delay in transformation experiments in the lab 
and the number of maize ears that were almost ready to transfer and exceeded the 
lab work capacity, the glasshouse temperature was lowered to slow development 
down by opening the glasshouse doors and some maize plants were transferred 
outside the glasshouse where the temperature was lower than the glasshouse 
temperature. By judicious manipulation of sowing dates and glasshouse temperature 
the laboratory was constantly provided with suitable ears for transformation 
according the lab capacity to manage the Agrobacterium transformation experiments 
properly.      
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3.2 Harvesting of maize seeds in Glasshouse grown plants 
The supply of Syrian genotypes was limited at the beginning of the study and 
there was no opportunity to obtain further seed due to the civil unrest in Syria and so 
a protocol had to be established to produce seed for experiments later in the 
programme of study. It is well known that the production of seeds in the glasshouses 
can vary greatly according the genotypes and from season to season. Furthermore 
maize seed production is acknowledged to be very difficult in the glasshouse and 
needs a lot of care because it is very susceptible to insect and disease injury. To 
reduce the risks of transformation failure that can result from poor seed giving poor 
explant material, special care of and daily monitoring was carried out inside the 
glasshouse. 
It is important that the seed source be reliable and that the seeds harvested are 
not contaminated by disease organisms. For production of mature maize seeds in 
the glasshouse, a few routine steps regarding the irrigation and temperature were 
followed: 
1. First of all, after pollination, the ears that were covered with bags for 2 weeks 
were exposed to air by raising the pollination bag7. 
 
2.  Four to 5 weeks post-pollination watering was stopped to let plants dry down. 
At the same time, at 25-30 days, the cobs were exposed by pulling down the 
husks to allow the kernels to further dry. 
 
                                               
7
 When mold appears on the husk within 2 wk covering, pollination bag should be lifted earlier. 
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3. Around the sixth week after the pollination, signs of plant maturity began to 
appear. Thereafter, seeds were checked on the ears by observing their 
softness/solidity. Finally, cobs were harvested a once seeds showed a black 
layer at the seed base (Plate 3. 12). This sign is an indication that 
carbohydrate nutrition has stopped being sent to the seed from the rest of the 
plant. Mature ears on the plant should be bagged to protect them from birds 
when the glasshouse door is opened (Plate 3. 13). 
 
4. The harvested maize cobs were left on the shelves in the glasshouses for a 
few days to dry further, then bagged and stored in a cool, dry place in a 
capped jar (Jones 2008) in preparation to grow them for the next experiment. 
However, standard grain storage procedures can prevent the development of 
fungal disease in stored grains.  
5. Generally, 13 to 14% of the grain moisture is the recommended level of 
moisture for long-term maize grain storage (Munkvold and Desjardins 1997).  
6. Sometimes, ears were contaminated by fungus that continues to grow with 
seeds and this affected seed vitality. Such seeds were cleaned externally 
using a 70% ethanol dip before storage. 
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Plate 3. 12: Harvesting of immature cobs and mature maize seeds in the glasshouse. 
 
Plate 3. 13: Yield losing caused by birds consuming on uncovered ears. 
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3.3 Troubleshooting in the Glasshouse 
Crop protection is essential to safeguard maize seed production from pests and 
pathogens. Pests and diseases impact on seed quality, and also reduce plant 
resource-use efficiency. 
Pests and diseases can thrive and multiply in warm glasshouse conditions and 
can be difficult to eradicate. The main pests under glass are aphid and red spider 
mites. Aphids are members of the superfamily Hemiptera: Aphidoidea, are also 
known as greenflies or blackflies in Britain.  
There are diverse ways that through which aphids weaken their host plants. 
Firstly, during the feeding phase on the plant, they divert nutrients that are necessary 
for plant growth for their own profit through sucking the plant sap. Moreover, once 
aphids have pierced the phloem with their stylets, they inject their saliva into the 
plant which could be phytotoxic. Secondly, aphids can transmit plant viruses in their 
saliva. Numerous viruses are transmitted by aphids and nearly 50% of insect- borne 
viruses (275 out of 600) are transmitted by aphids (Nault 1997). Finally, infection of 
numerous aphids hinders the photosynthetic activity by forming black, sooty molds 
that frequently grow on the honeydew excreted by the aphids and which can cover 
the leaves. Aphids are serious pests because their high asexual reproductive 
potential and their adaptability to environmental conditions in order to survive.  Due 
to their unusual lifecycle, they can reproduce very quickly. In summer, aphid 
populations can double every 3-4 days under ideal conditions. In the worst cases of 
aphid infestation, flowering may fail (Plate 3. 14).  
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The mechanisms of plant resistance to aphids can be described as: (i) 
antixenosis, implying that pests move away from the plant as it is rapidly recognised 
as a poor host by the pest; (ii) antibiosis, when  the survival and fertility of pests 
feeding on the plant are affected significantly; (iii) tolerance, when the susceptible 
plant is more affected by pest feeding than the tolerant plant that infested by pest but 
can still multiply and survive (Webster 1991). These types of resistance have been 
reported for interactions between the aphids and crops for most species.  
 
Plate 3. 14: Failure of male flowering resulting from serious aphid infestation in the 
glasshouse. 
 
 
 
 
 
   Chapter 3 
 
105 
 
3.4 Biological control and cultural management practices 
In the hot and humid environment of the glasshouses, aphid pests can quickly 
become a serious problem. In spite of the availability of insecticide treatments to 
control aphids and other plant pests, biological control and cultural management 
practices can be used for pest control in the glasshouse where semi-containment of 
insect populations is possible. Nowadays the hazards of pesticides both to health 
and environment are well recognised (Geiger et al. 2010). Furthermore, the use of 
pesticides reduces the opportunities for biological pest control as they are generally 
indiscriminate in their target species. Crop protection against aphids must be 
planned according to Integrated Pest Management (IPM) rules. The IPM concept 
has been elaborated by many researchers (Jacobsen 1997; Way and van Emden 
2000; Jacobsen et al. 2004). Nowadays insecticides are used as the last resort in 
commercial glasshouses. In IPM systems which aim to minimize dependence on 
pesticides, it is essential that the conservation of natural enemies to pest species is 
undertaken.  
Aphids are attacked by a large range of natural enemies. These include 
parasitoids (Frank 2010; Boivin et al. 2012), predatory species (flying predators e.g. 
ladybird beetles, (Bianchi and Van der Werf 2003), and others (Schmidt et al. 2003; 
Rutledge et al. 2004) and pathogens like fungi, bacteria, nematodes and viruses 
(Helyer et al. 2014) . 
An integrated pest management system was employed to control the aphids 
using biological control based on ladybirds which are a member of the Coccinellidae 
and are a family of small beetles, ranging from 0.8 to 18 mm  (Seago et al. 2011). 
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Once a sign of aphid infestation was registered on the maize plants (Plate 3. 15), 
biological control and practical cultural practices were conducted.  
 
Plate 3. 15: The first sign of aphid infestation under the maize leaf in glasshouses. 
 
Ladybirds were collected from local gardens between March and May as the adults 
were available in this period according to their life cycle (Figure 3. 2). They were 
released in the glasshouse in the early morning (at a temperature of about 20 °C) by 
gently scattering over affected plants near the aphids infestation. Once the ladybirds 
were released, they immediately started searching for their food (Plate 3. 16).  
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Figure 3. 2: Illustration of the life cycle of a 7-spot ladybird. modified from the UK 
Ladybird Survey (http://www.ladybird-survey.org/lifecycle.aspx 2014). 
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Plate 3. 16: Introduced Ladybirds consuming aphids.  
Ladybirds and ladybird larvae consume large numbers of aphids daily. The 
adults of ladybirds also lay 20 plus eggs per day under the leaves of plants. When 
these eggs hatch, the larvae will commence feeding immediately. Adults tended to 
move on when their food source became scarce, while the larvae remained and 
searched for more prey. As a result, introducing a range of ladybirds through the 
growth stage of donor plants in the glasshouses was helpful to control aphid pests.   
It became apparent through observation for pest infestations that the maize 
genotypes showed different susceptibility to aphids. Some genotypes (Syrian 
varieties) were observed to have high resistance to aphids while others were 
susceptible (the inbred lines). Maize resistance to aphids infestation has been 
identified to be a genetic trait (So et al. 2010), and the inheritance of the corn leaf 
aphid (CLA) resistance in many plants like barley (Verma et al. 2011) is related to 
the inheritance of recessive genes. 
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3.5 Cultural practices management 
The key for controlling the problems caused from pests inside glasshouses is to 
keep the glasshouses clean and tidy and to keep a watchful eye on the plants and 
dealing with outbreaks of pests and diseases early on. 
Starting off with a clean glasshouse before transferring the plants is one of the 
most important strategies for the production of healthy plants and controlling pests. 
Glasshouses were cleaned by removing any weeds, dead plants or rotting leaves, 
and then the glass was washed with warm soapy water. Sometime, pest and disease 
problems can be carried over from the previous experiments. As a precaution, 
glasshouse equipment and the old pots were washed with garden disinfectant (Jeyes 
fluid)8. A new experiment was established using fresh compost and clean pots.  All 
these procedures should help to prevent pest infection and fungal diseases.  
In summer when the temperature increases, the glasshouse becomes hot and 
dry (temperature and humidity are generally inversely related in temperate climates). 
Consequently, glasshouse red spider mite populations can build up and thrive rapidly. 
Glasshouse red spider mite is one of the most troublesome pests of glasshouses 
plants. It is a sap-sucking mite that attacks the foliage of plants causing mottled 
leaves and early leaf loss. Smooth webbing on the plants and yellow or bronze 
speckling on the upper leaves are signs of a red spider infestation (Plate 3. 17). 
When inspection, the underside of the leaves have many tiny yellowish green mites. 
Eventually the leaves lose most of their green colour and dry up.  Glasshouse red 
spider mite was only a problem in the periods between May and August when the 
glasshouses conditions became hot and dry.  
                                               
8
 For cleaning the glasshouse a long handled tools were used for safe working from ground level. Eye 
protection and gloves were worn for safety. 
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Plate 3. 17: Signs of red spider infestation on maize leaves in glasshouse. 
 
To control the red spider mite, cultural management practices (non-chemical 
control) were carried out as an alternative to using insecticides. This avoids 
insecticide resistance problems and the risk of spray damage to the plants and to 
other biological control species. In some instances it was necessary to move most of 
the plants outside the glasshouse during the summer months (Plate 3. 18). For those 
that remained inside the glasshouse, they were sprayed with water using a hand 
sprayer to keep the humidity level high which helps to reduce or prevent red spider 
mite. Also, the floor of the glasshouse was sprayed with water to increase the 
humidity.  
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When signs of insect infestation were registered on the leaves at an early stage, 
suitable procedures were conducted for pest control: 
1- The infected section of the maize plant was snipped off using garden shears 
and dropped into a plastic bag and discarded to prevent further spreading of 
aphids.  
2- Aphids and spider were crushed using fingers or were killed using a tissue 
wipe wetted with 50% alcohol. It is difficult to kill large infestations simply by 
crushing them, but killing some of them sends off an alarm pheremone 
chemical signal that warns other aphids to stay away. Routine patrolling and 
crushing proved to be very effective at reducing the aphid population. This 
procedure helped reduce the pest populations and when combined with the 
other effective practices mentioned, a very effective pest control strategy was 
achieved.  
3- Keeping a small and weak plant in the glasshouse encouraged aphids to 
move away from the adult plant to more appetizing plants (small plants). Then, 
this sacrificial plant was destroyed in a plastic bag. 
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Plate 3. 18: Plants located outside the glasshouse to avoid a red spider infection. 
Improved plant protection strategies to prevent pest infection and pest damage 
can increase production and make the immature embryos more susceptible to 
Agrobacterium-mediated transformation and to callus induction. 
It is vital that this issue is addressed, not only to enhance the productivity of 
healthy embryos, but also to preempt problems of emerging invasive pests and 
diseases. 
3.6 Nutrient deficiency-symptoms and treatment: Calcium 
deficiency  
Mineral elements are very important factors to plant growth. Macronutrients (N, P 
and K), also Mg and Ca are essential factors that plants require in relatively large 
quantities for growth and development. Nitrogen and Phosphorus are involved in the 
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composition of amino and nucleic acids, phosphoproteins, phospholipids, 
dinucleotides, and adenosine triphosphate. Potassium plays a vital role in 
photosynthesis, protein synthesis and glycolytic enzymes (Hu and Schmidhalter 
2005)., Micronutrients are also very important elements required in smaller quantities 
but are also essential for healthy plant growth. Nutrients are required for many 
biological processes including photosynthesis, regulation of biological processes in 
the plant and storage and transfer of energy and carbohydrates. Often, signs of 
mineral element deficiency for a particular plant species appear as a result of the 
interaction of several minerals and strategically important developmental pathways. 
Deficiency signs differ both according to the nutrient element and the severity of 
element deficiency and plant genotype. The uptake of nutrient by plants is 
genetically determined and the plant ability of transport and accumulation of nutrients 
can differ both between and within plant species (Marschner and Marschner 2012).  
Calcium plays an essential role in plant growth. Plants can both sense and resist 
abiotic and biotic stress through the effects of calcium on membrane structure. Also 
stomatal function, cell division and cell-wall synthesis and many physiological 
processes that influence both growth and plant response to stress have a calcium 
component (McLaughlin and Wimmer 1999). Calcium deficiency has been 
recognized in maize plant leaves as a characteristic symptom, in which maize plants 
developed rippled edges of leaves known as he "bull-whip" symptom (Kawaski and 
Moritsugu 1979).   
The genotypes studied showed differential response to calcium deficiency. The 
Lines were more susceptible to calcium deficiency than the varieties. When calcium 
deficiency occurred, plants of Syrian Lines and Hi II hybrid leaves became curled 
with rippled edges. Affected plants developed un-pigmented patches or lesions on 
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the leaves. In some cases, when the calcium deficiency was very severe, the leaves 
developed in a whorl wrapped tightly around each other and eventually rotted (Plate 
3. 19). Severe calcium deficiency caused of susceptible plants to be severely stunted. 
The difference in the plant capacity to absorb calcium appears to have differed with 
the different cultivars of maize plants since plants were grown in homogenized 
compost. The emergence of this characteristic symptom of a calcium deficiency in Hi 
II and Lines plants was more frequent than the varieties and the hybrids were more 
tolerant of calcium deficiency. This observation of varied plant tolerance of nutrient 
deficiency indicated a genetic dependence and this was consistent with that 
postulated by Marschner Horst and Petra Marschner (2012).   
Plants suffering from calcium deficiency were treated with a calcium/magnesium 
recipe by implementing the following steps. 
 Calcium and magnesium solution. Firstly, 2 stocks of nutrient solution were 
prepared separately as follows:  
  Stock.1: Calcium nitrate Ca(No3)2. 4H20: Molar mass is: 236.15 g mol
-1 
 720 gL-1 (Fisher Scientific, Product Code: 10000080) 
    Stock.2: Magnesium sulfate MgSo4.7H20: Molar mass is: 246.48 g mol-1 
370 gL-1 (Fisher Scientific, Product Code: 10264630) 
 10 mL was added from stock 1 and stock 2 to the final irrigation solution water 
of 10 litres. This recipe was recommended by the Department of Agronomy, 
Iowa State University, USA.  
 Plants were watered with this final solution (mixed Ca++/Mg++), beginning 
when plants were transplanted into big pots in the glasshouse at which time 
plants were normally at the 6-7 leaf stage. All plants were watered once every 
2 weeks with calcium and magnesium as a precautionary measure. 
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Plate 3. 19: Signs of calcium deficiency in maize plants. 
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4.1 Agrobacterium growth and maintenance 
To date, reproducible and efficient generation of transgenic maize plants has 
been dependent on the employment of Agrobacterium tumefaciens (A. tumefaciens) 
strains harbouring binary vectors and carrying virulence (Vir) genes such as VirG, 
VirS and VirE in the Vir region of their Ti plasmid, which render the bacteria 
hypervirulent (Komari et al. 1996; Dym et al. 2008; Denkovskienė et al. 2015). It has 
been confirmed that these virulence genes enhance the efficiency of Agrobacterium-
mediated gene transfer (Park et al. 2000). Such A. tumefaciens strains have been 
successfully used for gene transfer to both immature embryos (Shrawat and Lörz 
2006; Valdez-Ortiz et al. 2007; Zhang et al. 2010) and androgenetic pollen cultures 
(Kumlehn et al. 2006). The A. tumefaciens strains EHA101 and EHA105, which are 
widely used for gene transformation, and harbour these additional alleles on their Ti-
plasmid-derived helper plasmid (the agropine/L, L-succinamopine-type Ti-plasmid 
pTiBo542 or pCH32 respectively) need to be maintained by culturing them on 
appropriate media containing antibiotics to select for all plasmids present in the 
Agrobacterium vector.  
The A. tumefaciens strains with DNA plasmid constructs used for maize 
transformation in this study harbor a helper plasmid and an expression vector 
plasmid. Therefore, not only the maintenance of the Agrobacterium with the 
expression plasmid, but also the maintenance of the helper plasmid is very important 
to achieve the effective positive transformation. 
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4.2 Objectives 
The purpose of these experiments was to maintain the Agrobacterium strains 
containing the plasmids vectors by developing of Agrobacterium maintenance 
procedures in-vitro.  
4.3 Materials 
Two strains of A. tumefaciens EHA101 and EHA105 harbouring different vectors 
pTF102 and pBINPLUS/ARS respectively were used in this study. 
 
4.4 Establishment of an Agrobacterium growth system using 
different components of culture media 
Experiments were focused on identifying culture media regimes to optimize A. 
tumefaciens-mediated stable transformation of Syrian maize genotypes. 
The yeast extract peptone (YEP) medium, Luria-Bertani (LB) medium and two 
different media modified from standard LB medium, LB without glucose LB-G and 
another modified LB medium (LBm) were used to determine the best medium for the 
A. tumefaciens strains (EHA101 and EHA105) used in this protocol (Table 4. 1). All 
media that were used to culture the Agrobacterium contained appropriate antibiotics 
to select the Agrobacterium strain with the plasmid contained in the Agrobacterium 
vector (Table 4. 2). 
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Table 4. 1: The ingredients of media used for A. tumefaciens growth. 
 
Media 
 
LB Standard 
(LBS) 
LB without glucose 
(LB-G) 
Ingredients 
- Pure water 1L 
- 5g Yeast extract 
- 10g  Tryptone 
- 5g Sodium chloride 
- 2g Glucose  
- 15g Bacto-agar  
- pure water 1L 
- 5g Yeast extract 
- 10g  Tryptone 
- 5g Sodium chloride 
 
- 15g Bacto-agar 
 
LBm YEP 
Ingredients 
- Pure water 1L 
- 5g Yeast extract 
- 10g  Tryptone 
 
- 18g Bacto-agar 
- Pure water 1L 
- 5g Yeast extract 
- 10g  Peptone 
- 5g Sodium chloride 
- 15g Bacto-agar  
 
4.4.1 Standard growth curves of A. tumefaciens strain EHA101 (harboring 
pTF102 or APX/ pCGN1578 plasmid) and the Agrobacterium strain 
EHA105 (harboring CBF/pBINPLUSARS plasmid)  
Bacterial growth is the division of one bacterium cell into two daughter cells in a 
process called binary fission (Rogers 2011) but both daughter cells from the division 
do not necessarily survive. However, if the number of bacteria cells surviving 
exceeds the average, then the bacterial population undergoes exponential growth. 
There are several methods to measure an exponential bacterial growth curve 
through bacterial enumeration (cell counting), direct and individual methods 
(microscopic, flow cytometry) (Skarstad et al. 1983), direct and bulk (biomass). As 
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well as, indirect and individual (colony counting), or indirect and bulk (most probable 
number, turbidity, nutrient uptake) methods (Zwietering et al. 1990).  
An indirect and individual method was followed in the following protocol for the 
determination of a calibration curve which is a common method for estimating the 
concentration of bacterial cells in an unknown sample by comparing the unknown to 
a set of standard samples of known concentration: 
1. The Agrobacterium was streaked out from the glycerol stock culture on 
three LB plates containing appropriate antibiotics for both Agrobacterium 
strains EHA101 and EHA105 harbouring the different plasmids (Table 4. 
2). Two different types of streaking methods were used to streak a plate 
using a sterile inoculation loop (Black 2008), the three-phase streaking 
pattern, known as the triplet streak (T-Streak), and a different style in 
streaking direction as a criss-cross streaking (Zigzag Inoculation) which is 
that used in the Appalachian Fruit Research Station, USDA-ARS (from 
where the EHA105 CBF strain was obtained). After that, the plates were 
incubated for 2 days at 28°C (Plate 4.1).   
     
Plate 4. 1: Examples of plates of A. tumefaciens strain EHA101 on LB standard 
medium after 2 days incubation from streaking. 
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2. After two days when the Agrobacterium had gown and produced well-
formed colonies, the cells were harvested by placing 2 mL of LB + 
antibiotics on each plate. Then, bacterial cells were scraped together with 
a sterile spreader and transferred to a sterile labelled tube. The optical 
density (OD600 nm) was measured spectrophotometrically (Helios Epsilon 
spectrophotometer) at 600 nm.  
3. A serial dilution (Figure 4. 1) was conducted in thirteen tubes containing 
9.0 mL of LB liquid medium amended with appropriate antibiotics for each 
strain. One mL of Agrobacterium suspension was then taken from each 
tube of the serial dilution to measure the OD600 nm. Then, 0.1 mL of each 
tube was cultured in three replications on LB + antibiotics agar plates and 
cultured at two different incubation temperatures (28°C and 19°C) in the 
dark for 3 and 5 days respectively. Colony forming units (CFUs) were 
counted and the relationship between the number of bacteria colonies and 
their OD was observed to draw the standard curve of Agrobacterium 
growth. All steps were carried out in a sterile environment near a flame.  
Data showed that the number of bacterial colonies CFUs grown on the 
agar media was positively correlated with the OD of the bacterial 
suspension for each dilute in the serial dilution (Figures 4. 2 and 4. 3). 
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Neat Broth
culture
1:10 1:100 1:1000 1:10000 1:100000
9 ml of 
sterile 
broth as 
diluent
1 ml 1 ml 1 ml 1 ml1 ml
Number of colonies counted and multiplied by the dilution factor of sample, CFUs/1 ml
100 10-1 10
-2 10-3 10-4
10-10
1 ml
100 µ inoculated 
on nutrient agar
10-5
 
Figure 4. 1: A serial dilution of the broth culture of the Agrobacterium strains used in 
this study for maize transformation.  
 
It is possible to estimate the number of viable bacterial cells in the Agrobacterium 
broth by reading the optical density and plate the result on the standard growth 
curves that obtained for both Agrobacterium strains EHA101 and EHA105 (Augustin 
et al. 1999). Thus, the efficiency of Agrobacterium involved in the infection of 
immature embryos can be estimated by knowing the OD of Agrobacterium inoculum 
used in maize transformation experiments.  
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Table 4. 2: Appropriate antibiotics used for maintenance the Agrobacterium with 
the vector plasmids and the helper plasmid containing in the studied constructs.   
                         
Antibiotics  
Kanamycin 
50 mgL-1 
Gentamycin 
50 mgL-1 
Tetracycline 
10 mgL-1 
Spectinomycin 
100 mgL-1 
Constructs 
EHA101 (pTF102)     
EHA105 
(CBF/pBINPLUSARS) 
    
EHA101 (APX/pCGN1578)*     
EHA105 
(SDO/BINPLUS/ARS) 
    
EHA105 (SDO/pCGN1578)     
*APX and SOD constructs were not used in transformation experiments in this study. 
But, the pTF102 and CBF constructs were used to transfer Syrian maize. APX and CBF 
constructs were used to identify a suitable culture media regime in order to maintain the A. 
tumefaciens EHA101 and EHA105. These constructs were kindly provided by Professor 
Michael Wisniewski and Dr Timothy S. Artlip, Appalachian Fruit Research Station- United 
States Department of Agriculture /Agricultural Research Service (USDA-ARS). 
 
 
Figure 4. 2: The relationship between bacteria colonies forming and the optical 
density of Agrobacterium EHA101 strain. 
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Figure 4. 3: The relationship between colony-forming units and the optical density of 
Agrobacterium EHA105 strain. 
4.4.2 Differentiation of A. tumefaciens strains growth on different media 
A 50 μL glycerol stock of EHA101 c and EHA105 strain was grown in a 10 mL 
tube of LB medium overnight on a shaker (ca. 100 rpm) at 28°C.  On the second day, 
100 μL of Agrobacterium suspension was resuspended with 9.9 mL of the studied 
liquid media mentioned above (Table 4. 1) which was amended with 50mgL-l 
kanamycin (to maintain the Agrobacterium strains EHA101 and EHA105 and for 
pBINPLUS/ARS vector), and 50mgL-l gentamycin (to maintain the pCGN1578 
plasmid) or 10mgL-l Tetracycline (for pCH32) (Table 4. 2). 
Three tubes of each studied medium (LB-G, LBm, YEP and LBS as a control) 
were placed on the shaker (ca. 100 rpm) at two different temperatures (28 and 19)°C. 
The optical density of Agrobacterium cultures was measured at three concentrations 
of the media pH (6.8, 7.0 and 7.2) for each medium after 24h, 48h and 72h of the 
bacteria incubation.  
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4.5 Results 
4.5.1 Media effects 
Results showed highly significant differences between the culture media used for 
both Agrobacterium strains (Table 4. 3). The YEP medium has the highest value of 
optical density of the Agrobacterium strain EHA101 with significant differences in 
comparison with the LBm (Figure 4. 4). The response of Agrobacterium EHA101 to 
growing in the YEP medium was higher than the “control” treatment LBS. The 
Agrobacterium strain EHA105 responded significantly to the modified LB medium 
(LBm). The number of bacteria growing in the LBm medium was higher than the 
bacterial colonies number growing in the control or in the YEP and LB-G with 
significant differences (Figure 4. 5).   
Table 4. 3: Fishers significance test (p value) and Least Significant Difference 
(L.S.D) values of the optical density of Agrobacterium strains at 5 and 1% level of 
significance (two-tailed). 
Source of variance     P value          L.S.D (0.05)       L.S.D (0.01) 
 
The Optical density OD 
 
  EHA101/EHA105   EHA101/EHA105   EHA101/EHA105 
Media 0.000***  0.016/0.009   0.021/0.011 
pH 0.634/0.75  N.S   N.S 
Temperature 0.000***  0.011/0.006   0.015/0.008 
Time 0.000***  0.014/0.007   0.018/0.010 
Significant -* Very significant - ** Highly significant -*** N.S. Non-significant  
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Figure 4. 4: The effects of culture medium on the Agrobacterium EHA101 growth. 
 
 
Figure 4. 5: The effects of culture medium on the growth of  
the Agrobacterium strain EHA105. 
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4.5.2 Temperature effects 
Results showed that the Agrobacterium growth was significantly influenced by 
the temperature of incubation (ANOVA p< 0.001). After 24 hours of incubation, the 
bacterial density at 28°C was higher than the bacterial density at 19°C for both 
Agrobacterium stains. But within 48 h of incubation the optical density of bacteria 
incubated at 19°C increased rapidly overtaking that at 28oC for the strain EHA101. 
After 48h the bacteria were still growing but the rate of growth started to slow down 
at both temperatures as the cultures moved into the stationary phase and growth 
became stable. So, the optimal time for Agrobacterium growth was between 24 and 
48 h of the incubation. It was suggested that bacterial cells should be harvested after 
24h at 28°C incubation in order to maintain competency of the cells for 
transformation. The bacterial cells density was still low after 24h at 19°C and for that 
reason; it is suggested to harvest the bacteria cells after 48h at 19°C to obtain the 
optimal density of bacteria EHA101 (Figure 4. 6). But, the optimal bacterial cells 
density of Agrobacterium strain EHA105 could be optained after 48h at 28°C (Figure 
4. 7).  
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Figure 4. 6: Combination of temperature and time of bacteria incubation, and their 
effects on the optical density of Agrobacterium EHA101. 
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Figure 4. 7: Combination of temperature and time of bacteria incubation, and their 
effects on the optical density of Agrobacterium EHA105. 
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4.5.3 pH effects 
The total means of the optical density, expressing bacterial cell growth, did not 
differ significantly with the pH treatments (ANOVA p> 0.05) (Figure 4. 8). However, 
there were high significant differences in the time of incubation according to the 
optical density of bacteria cultures (Table 4. 3).  
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Figure 4. 8: The effects of media pH values on the growth of Agrobacterium strains. 
 
4.6 Discussion 
It was observed that the A. tumefaciens growth curve was affected by 
temperature, time of incubation and the kind of media incubation.  
After 48h of bacteria incubation, the Agrobacterium growth curve showed a 
slowing down in growth probably as result of limited nutrient medium. This means 
that the optimal time for the growth under both temperature tested was 48h 
incubation which was the maximum growth rate. The slope of the straight line of 
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exponential growth is the specific growth rate of the organism. The actual rate of this 
growth (i.e. the slope of the line in the figure 8) depends upon the growth conditions, 
which affected the frequency of cell division events and the probability of both 
daughter cells surviving.  
 Temperature had a statistically significant effect on Agrobacterium growth, 
conforming with Peleg and Corradini (2011), and Rossetti et al. (2011). It was 
demonstrated that differences in Agrobacterium growth attributed to differences in 
temperature were not the sole explanation for the evolution of life cycles dominated 
by time and media. Moreover, at the beginning, the number of bacterial cells growing 
at 19°C was lower than cells growing at 28°C, but the growth curve was superior at 
19°C after 48h of incubation (Peleg and Corradini 2011). These findings indicated 
that the strain EHA101 was more adapted for 19°C after 48h, while the 
Agrobacterium strain EHA105 adapted to 28°C after 48h (Figure 4. 7). 
There were no significant interactions among different media to all pH treatments 
(P> 0.05). This result refers that Agrobacterium strains adapts a wide range of pH 
(6.8, 7.0 and 7.2), but it tends to grow best on a slightly acidic medium (pH, 6.8). 
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4.7 Conclusion 
 The results showed that the Agrobacterium strains EHA101and EHA105 were 
able to grow on the studied media but, there were small but significant differences 
between treatments regarding to the Agrobacterium ability of growth. YEP medium 
was more suitable for the strain EHA101 with the highest value of the optical density 
whereas growing the strain EHA105 on the modified LB medium resulted in the 
highest value of bacterial density. The optical density of bacteria cells of EHA101 
and EHA105 was obtained for 48h of incubation at 19°C and 28°C respectively. That 
means, bacteria could be incubated and grown at 19°C or 28°C for 48h to harvest 
the maximum of bacteria cells for initiation of infection experiments. Bacteria were 
able to grow after 48h, but their activity declined. So, the optimum time of growth 
was 48h of incubation. In spite of this, the Agrobacterium strains had ability to grow 
in all studied media with varying pH, but they trended to grow slightly better in the 
acidic medium (pH= 6.8). 
  It can be concluded that both temperature and the time of incubation affected A. 
tumefaciens growth within the studied media. Finally, bacteria are maintained in 
exponential growth phase by culturing it on a suitable medium with pH= 6.8 at 19°C 
for 48h on YEP for EHA101, and at 28°C for 48h on LBm medium for the 
Agrobacterium strain EHA105. 
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4.8 Care and maintenance of recombinant A. tumefaciens 
It is well known that recombinant bacterial strains containing introduced plasmids 
can be environmentally “less fit” than “wild types” and there is a tendency for 
recombinant stains to lose their plasmids and convert to wild type. Recombinant 
plasmids therefore have antibiotic resistance genes inserted in them and 
recombinant bacterial strains are then kept under constant antibiotic challenge in 
order to kill wild type revertant cell lines and in reverse maintain a pure transgenic 
culture. In order to maintain the recombinant strains for a long time without losing the 
plasmids or losing the strain entirely from a laboratory accident such as incubator 
malfunction, glycerol stocks are prepared and subsequently maintained in the 
freezer for future use. 
Whilst subsequent regrowth on an antibiotic containing medium reaffirms the 
presence of the plasmid, it is pertinent to either check the culture from time to time to 
ensure that the transgene is still present and intact by PCR or by DNA preparation. 
4.9 Preparation of a -80°C freezer stock of A. tumefaciens  
The protocol for making a -80°C freezer stock was as follows:  
 The transgenic Agrobacterium was streaked out on three LB + appropriate 
antibiotic plates; and then incubated for 2-3 days at 28°C. 
 When the colonies had grown well, 1 mL of LB + 60% glycerol was placed on 
each plate and cells were scraped together from the surface of the agar with a 
sterile spreader and then transferred to a sterile microfuge tube with a screw-
cap or cryotube specifically made for freezer stocks that had been labelled. 
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 The microfuge tube/cryotube was then plunged into liquid nitrogen to effect an 
immediate rapid freeze and to promote a “glassy” state with no/small ice 
crystals which could rupture the bacterial cells, and then transferred directly to 
a -80°C freezer. 
For reuse, a freezer stock tube was allowed to thaw slightly, and a small amount of 
the stock solution was gathered up on the tip of a sterile pipette and transferred to an 
LB + antibiotic plate; to initiate a new experiment, a triple streak was done as above; 
and incubated for 2-3 days. All steps were carried out in sterile transfer conditions 
(benchtop flame aseptic technique). 
4.10 Plasmid Extraction 
Plasmid extraction was carried out in order to confirm the presence of the expression 
vector introduced into A. tumefaciens strains used in this project. 
Plasmid DNA from recombinant Agrobacterium strains was isolated following the 
method of Voo and Jacobsen (1998). An overnight recombinant Agrobacterium 
culture (5 mL) was harvested by centrifugation at 12,000 x g for 1 minute, and the 
pellet subjected to a modified alkaline-SDS Lysis procedure followed by adsorption 
of the DNA onto silica in the presence of high salts. Contaminations (biochemical 
and cell debris) were then removed by a spin-wash step. Finally the bound DNA was 
eluted in molecular biology grade water following the instructions from the kit supplier 
(Sigma cat PLN70) in the following steps: 
1. Harvest and Lyse bacteria cells: Agrobacterium cells were pelleted from 5 
mL “LB broth” of an overnight recombinant culture by centrifugation at 12,000 
x g for 1 minute. After discarding the supernatant completely, the pelleted 
bacterial cells were re-suspended with 200 μL of the resuspension solution by 
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pipetting up and down to thoroughly homogenise the cell suspension. Then, 
200 μL of Lysis solution was added and the re-suspended cells mixed by 
gently inverting the tube 6-8 times until the mixture became clear and viscous 
(around 5 minutes). 
2. Prepare cleared Lysate: 350 μL of the Neutralization binding solution was 
added to the cell debris, and the tube was inverted gently 4-6 times. Then, the 
cell debris was pelleted by centrifuging at 12000 x g for 10 minutes. 
3. Prepare binding column: 500 μL of the Column Preparation Solution was 
added to each miniprep binding column and centrifuged at 12,000 x g for 1 
minute. The liquid flowing through the column was discarded. 
4. Bind plasmid DNA to the column: The cleared lysate was transferred to the 
column prepared in the previous step, and centrifuged at 12,000 x g for 30 
seconds to 1 minute. 
5. Wash to remove contaminants: 500 μL of wash solution was added to the 
column. The flow-through liquid was discarded after 1 minute of centrifuging. 
700 μL of diluted wash solution (with 100% ethanol) was added to the column 
to remove the residual salts and other contaminants introduced during the 
column load by centrifuging at ≥ 12,000 x g for 30 sec to 1 minute.  After that, 
the column was spun again at maximum speed for 1 to 2 minutes to dry the 
column and thoroughly remove excess ethanol.   
6. Elute purified plasmid DNA: the column was transferred to a new collection 
tube. 100 μL of molecular biology reagent grade water was added to the 
sample to elute the DNA by centrifuging at 12,000 x g for 1 minute. Finally the 
pure plasmid DNA was either run out on agarose gels or stored at -20°C for 
future use. 
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Agarose-gel results examined under UV light were showed a highly resolved 
molecular weight band indicated presence of relevant plasmids in the studied 
Agrobacterium strains (Figure 4. 9). A photograph was made using the gel 
documentation system (Section: DNA agarose gel electrophoresis, Chapter 6).  
 
Figure 4. 9: Agarose gel to confirm the presence of the relevant plasmids in the 
studied Agrobacterium strains EHA101 (pTF102) and EHA105 (CBF). Lane L, 100 bp 
ladder; Lane MW, the control (molecular water). 
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5.1 Production of genetically altered plants using Agrobacterium-
mediated transformation  
The genetic transformation methods often used by genetic engineers are many 
and varied. Genetic transformation using direct or indirect methods is an effective 
means to integrate beneficial genes from wild relatives or unrelated species into crop 
plants for the production of genetically altered plants with improved specific traits. 
Despite an initial recalcitrance to Agrobacterium in recent years, genes and 
techniques have become available using Agrobacterium tumefaciens mediated 
transformation of cereals (Ke et al. 2001; Repellin et al. 2001; Sahrawat et al. 2003). 
Frame et al. (2011) have reported an approach for an Agrobacterium-mediated 
transformation protocol used efficiently to transform of two distinct maize genotypes, 
Hi II hybrid and inbred B104 line through direct targeting the immature zygotic 
embryos (IZEs). However, Agrobacterium mediated genetic transformation of cereals 
has been largely confined to particular genotypes that combine the amenability to 
gene transfer by Agrobacterium with adequate in-vitro regeneration potential. Such 
restricted genotype limitation severely limits the wide use of this technique.   
transformation frequency of Agrobacterium-mediated plant transformation is 
influenced by several factors such as: bacterial, plant and environmental factors 
(Tzfira et al. 2002). At the plant level, genotype and concentration of AgNO3, 2,4-D in 
the culture medium are the important factors that need to be optimized in 
Agrobacterium-mediated transformation systems (Wei 2009). On the bacterial side, 
strains ability to attach and transfer its T-DNA to the host cells (Cheng et al. 2004), 
and the density of the bacterial culture (Cheng et al. 2004; Opabode 2006), 
immersion time (Xing et al. 2007), co-cultivation conditions such as period of co-
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cultivation (Vasudevan et al. 2007), and temperature conditions (Salas et al. 2001) 
were described to influence the transformation frequency. 
An efficient transformation protocol is one of the basic needs in genetic 
improvement of crops via Agrobacterium-mediated transformation. But, amenability 
of genotypes to gene transfer by Agrobacterium with adequate regeneration potential 
is also an essential requirement to achieve successful transformation (Lawrence and 
Koundal 2001). It is important to mention that protocols efficiently used for cereal 
transformation generally rely on the use of hypervirulent Agrobacterium strains such 
as EHA101 (Frame et al. 2002; Reyes et al. 2010) and EHA105 for maize (Zhang et 
al. 2010).  
To date it is not known whether or not indigenously bred Syrian maize genotypes 
have suitable in-vitro regeneration capability or transformation potential. The main 
intention of this chapter is to investigate the amenability of Syrian genotypes to gene 
transfer using Agrobacterium tumefaciens strains, EHA101 and EHA105, and to 
know whether or not Syrian maize genotypes can be transformed via Agrobacterium 
tumefaciens. Comparison between Syrian varieties and hybrids responses to 
transformation with anti-stress genes was investigated. Also, the transformation 
ability and the regeneration potential between the Syrian genotypes and the “cv line” 
(Armstrong et al. 1992; Shrawat and Lörz 2006), Hi II hybrid maize were carried to 
demonstrate which has a good efficiency of transformation by Agrobacterium. 
Thereby, the key question, can Syrian maize genotypes be transformed via 
Agrobacterium tumefaciens- mediated transformation? can be answered.  
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5.2 Objectives 
The purpose of this study was to firstly determine if Syrian maize genotypes 
would respond to callus induction, or not, using maize immature zygotic embryos as 
this is a pre-cursor to maize transformation by Agrobacterium tumefaciens. 
Secondly, can these genotypes be transformed via A. tumefaciens-mediated 
transformation? 
These experiments were also conducted to understand the potential of the 
Syrian maize genotypes for in-vitro regeneration and to produce abiotic stress-
tolerant plants that could serve as an effective tool for improving the maize tolerance 
to drought and salinity in dry and semi-arid areas. Future development of maize 
breeding in Syria could thus involve the production of transgenic plants from 
genotypes which are already adapted to local conditions, recognizing the importance 
of development of local varieties in plant breeding programmes. 
Maize transformation was conducted at the School of Biological Sciences Facility, 
Plymouth University using maize immature embryos harvested from the glasshouses 
at the university. The protocols were approved by the School Biological Safety 
Committee and full GM safety procedures were followed throughout.  During the 
conduct of this project, the procedures and facilities were inspected twice by the 
HSE Inspector and approved. 
5.3 Materials 
5.3.1 Agrobacterium tumefaciens strains: Transformation of maize was 
conducted using two strains of Agrobacterium, EHA101 and EHA105. The A. 
tumefaciens strain EHA101 (Hood et al. 1986) harbouring a standard “11.6 kb” 
binary vector pTF102 (Figure 5. 1) was used to establish a general protocol of 
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Syrian maize transformation in this study. The pTF102 contains a 
spectinomycin-resistant marker gene (aadA), the “bar” selectable marker 
(phosphinothricin acetyltransferase gene driven by the cauliflower mosaic virus 
CaMV35S promoter) and a P35S-Gus-int reporter gene cassette (β-
glucuronidase [GUS] gene with an intron driven by the CaMV35S promoter).  
The second Agrobacterium strain was the A. tumefaciens strain EHA105 
harbouring the pBINPLUS/ARS:pRTL2:CBF vector (14.58 Kb) containing the 
enhanced 35S-PpCBF1 fragment (a CBF transcription factor). 
 
 
 
Figure 5. 1: T-DNA region of standard binary vector pTF102. LB, Left border; RB, right 
border; bar, phosphinothricin acetyltransferase gene; gus-int, β-glucuronidase gene 
containing an intron; P35S, CaMV 35S promoter; TEV, tobacco etch virus translational 
enhancer; Tvsp, soybean vegetative storage protein terminator; T35S, CaMV 35S 
terminator; H, HindIII. Adapted from Frame et al. (2002). 
 
5.3.2 Plant materials: F2 immature zygotic embryos (IEs) (embryo lengths 
<1.5mm, 1.5 to 2mm and >2mm) of the maize Hi II hybrid genotype and IEs of 
Syrian maize hybrids (Basil.1 and Basil.2) and varieties (Ghota.1 and Ghota.82) 
were used in this study. 
5.3.3 Plant tissue culture media: The nutrient media used are summarised in 
the general materials and methods (section 2.5). According to the protocol 
obtained from (Frame et al. 2005), infection medium (IM), solid co-culture 
media (CCM) as well as solid media for callus induction (CIM) or (resting 
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medium “RM”), Selection Medium I “SMI”, Selection medium II “SMII” and 
regeneration media (RM) are required. IM, CCM and CIM were based on Chu 
N6 mineral salts and vitamins, (Olhoft and Somers 2001) with cefotaxime and 
vancomycin antibiotics used instead of carbenicillin. Regeneration medium RM 
was based on MS mineral salts (Frame et al. 2006a) supplemented with 
additional components as previously shown in the general materials and 
methods. The pH was adjusted prior to filter sterilisation of the solutions. 
 
5.4 Procedures  
5.4.1 Isolation and preparation of immature embryos 
The ears of the selected maize genotypes were harvested 20–22 days after 
pollination when immature embryos IEs were about 1.5–3.0 mm in length. For 
surface sterilization ears were immersed in a sterilizing solution [see “embryos 
dissection” in the general materials and methods] for 20 minutes and finally washed 
3 times in sterile distilled water for 5 minutes each. The ears were ready for embryo 
dissection after thorough draining from the final rinse (Plate 5. 1). This procedure 
was carried out under sterile conditions within a laminar flow cabinet.  
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Plate 5. 1: Ear sterilization and draining in a laminar flow cabinet. 
 
After removing the top of the kernel crowns with a sterile scalpel in a laminar flow 
cabinet using aseptic technique, IEs were dissected with a lancet and up to 100 IEs 
collected in a 2 mL screw cap microtube containing 2 mL of IM and washed twice 
with this medium (Plate 5. 2). 
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Plate 5. 2: Dissection of ears to isolate immature embryos (inset) in a laminar flow 
cabinet. 
 
5.4.2 Growth of Agrobacterium and co-cultivation of immature 
embryos (Inoculation) 
The A. tumefaciens strain EHA101, harbouring the vector pTF102, was pre-
cultivated for 2-3 d on solid YEP medium (An et al. 1989) containing 100 mgL-1 
spectinomycin (for maintenance of pTF102) and 50 mgL-1 kanamycin (for EHA101) 
at 28°C in the dark. The A. tumefaciens strain EHA105, harbouring the 
pBINPLUS/ARS vector (Belknap et al. 2008, Wisniewski et al. 2011) was cultivated 
on LB medium containing 50 mgL-1 kanamycin (for EHA105) and 10 mgL-1 
tetracycline (to maintain the vector). On the day of transformation, for inoculation, 1 
to 1.5 ml of Agrobacterium suspension with an OD550= 0.3-0.4 (prepared in IM 
supplemented with AS, see the general materials and methods; “Agrobacterium 
infection”) was added to the embryos IEs after discarding the second wash of 
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Agrobacterium-free infection medium. Then, embryos were mixed by gently inverting 
the tube 20 times.  After an incubation period of 5 minutes at room temperature, the 
IEs were transferred to four dry 4.5 cm filter paper disks to remove excess solution. 
Subsequently, 40 IEs each were placed with the scutellum side up (embryo-axis side 
in contact with the medium) onto petri dishes containing CCM (Plate 5. 3).  
 
Plate 5. 3: Co-cultivation of immature embryos infected with A. tumefaciens. 
Embryogenic callus emerged after co-cultivation from the scutellum cells in the 
basal scutellum region, and these were targeted for transformation because of their 
known ability to produce embryogenic callus (Frame et al. 2002). Petri dishes were 
then sealed with air permeable tape and incubated in the dark at 20ºC for three 
days. 
In parallel, culturing of non-transformed embryos (controls) was conducted on 
CCM with the same co-cultivation conditions for comparison between the behaviour 
of transferred embryos infected with A. tumefaciens and non-infected embryos 
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behaviour for callus induction and selection events in the presence or absence of 
bialaphos (bar resistance). 
All subsequent procedures (Selection for stable transformation events, 
Regeneration of transgenic plants and Plant acclimatization) were followed as 
previously described in the general materials and methods.  
5.5 Results 
5.5.1 Callus Induction, Development, Regeneration and Rooting 
The response of Syrian maize genotypes for callus formation was investigated 
using three different sizes of immature embryos IEs (<1.5mm, 1.5 to 2.0 and 
>2.0mm). After three days of co-cultivation stage of Agrobacterium-infected 
immature embryos on the CCM (fresh medium)9, infected IEs were transferred and 
incubated first on the callus induction medium (resting media RM), as described in 
the methodology, for 7 days to initiate callus formation (Plate 5. 4). Then, after 1 
week on the resting medium, embryogenic callus induction frequency (ECIF) for 
infected studied genotypes embryos co-cultivated on co-cultivation medium 
containing 300 mgL-1 cysteine was calculated as a percentage of targeted infected 
embryos. 
 
 
 
 
                                               
9
 In infection experiments, fresh co-cultivation medium 1-4 day old was generally used.  
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Plate 5. 4: Callus induction after seven days of incubation on callus induction media 
(Resting media RM). 
Results from these initial experiments showed significant differences (p< 0.001) 
in callus induction within treatments according to IEs size (Table 5. 1). The response 
of IEs size (1.5 - 2.00mm) for callus formation was the best (callus induction 76%) 
(Figure 5. 2). The results of the experiments reported were in agreement with other 
studies which indicated that embryo size is one of the most significant factors that 
influences successful Agrobacterium-mediated genetic transformation of cereals (Wu 
et al. 2003; Shrawat et al. 2007). In addition, the type of plant tissue used for 
transformation is one of the crucial factors of successful Agrobacterium-mediated 
transformation of cereals (Nadolska-Orczyk et al. 2000).  
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Figure 5. 2: Effect of immature embryos sizes on callus formation. Values are the 
means of five replecations. Different letters above the standard error bars indicate 
significant differences between treatments (P< 0.001). 
 
Table 5. 1: Fisher’s significance test (p value) and Least Significant Difference (L.S.D) 
values of callus induction and callus weight at (5 and 1)% level of significance (two-
tailed). 
Source of variance P value L.S.D (0.05) L.S.D (0.01) 
 
Traits 
Callus 
induction 
Callus 
weight 
Callus 
induction 
Callus 
weight 
Callus 
induction 
Callus 
weight 
Treatments 
 (IEs size) 
0.000*** 0.001** 8.14 2.07 10.86 2.77 
Genotypes 0.441 0.023* N.S 3.27 N.S 4.38 
Treatments x 
Genotypes 
0.309 0.172 N.S N.S N.S N.S 
Significant -* Very significant - ** Highly significant -*** N.S. Non-significant  
 
Although there were no significant differences between the studied genotypes   
(p= 0.441) according to the immature embryos response to callus induction based on 
IEs size, the response of the hybrids (Basil.1 and Basil.2) for callus formation (77 
and 81)% derived from the IEs size (1.5-2.00mm) was slightly higher than for the 
varieties (Ghota.1 and Ghota.82) (74 and 73)% respectively (Figure 5. 3). 
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Previous studies indicated that there are a highly significant impacts of genotype 
on both induction of embryogenic callus and callus differentiation (Wei 2009). The 
use of hybrids therefore is recommended for callus induction to initiate 
Agrobacterium- mediated transformation experiments slightly more than varieties. 
 
Figure 5. 3: The response of selecteed maize genotypes to embryogenic callus 
induction frequency (ECIF) according to immature embryos sizes. Values are the 
means of five replications. N= 100-150 IEs. 
5.5.1.1 Callus weight (g) 
The response of maize genotypes for callus formation and callus development 
was investigated using callus weight (g) derived from two different sizes of immature 
embryos IEs (a: 1.5-2.00 mm and b >2.00 (2.00-4.00) mm embryo size. Calluses 
were weighted after 1 week of embryo culture on the resting medium. Embryogenic 
callus weight was calculated as a percentage of calluses weight of callus formation 
derived from targeted infected embryos.  
Results showed very significant differences between two different sizes of embryos 
(p= 0.001) (Table 5. 1) and the weight of callus that formed from different sizes of 
immature embryos was significantly affected by the embryo size (Figure 5. 4). 
Embryos of a size bigger than 2.00 mm produced callus that weighed more than 
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callus initiated from the 1.5 to 2.0 mm embryos. However, the percentage of callus 
formation of the big embryos was less than the callus formation % of embryos sized 
1.5-2.0 mm which also had a higher percentage of shoot formation (Table 5. 2 and 
Plate 5. 5).  
 
Figure 5. 4: Effect of immature embryos sizes on callus weight. Values are the means 
of five replications each embryo size for five genotypes. Different letters above the 
standard error bars indicate significant differences within treatments (P= 0.001). 
 
Table 5. 2: Shoot formation % of different sizes of immature embryos. 
Genotypes 
Immature embryos (IEs) size 
a: 1.5 – 2.00 mm b: > 2.00 mm 
No. of 
IEs 
No. of 
shoots* 
Shoots % 
No. of 
IEs 
No. of 
shoots 
Shoots % 
Basil.1 305 59 19.3 99 54 54.5 
Basil.2 498 18 3.6 387 177 45.7 
Gh.1 355 32 9.0 399 189 47.4 
Gh.82 166 11 6.6 242 125 51.7 
Hi II 188 15 8.0 99 44 44.4 
* In some cases, shoots were formed combined with callus initiation, so the event counted 
as callus induction and shoot formation. 
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Plate 5. 5: The response of different sized immature embryos of the hybrid Basil.2 to 
callus formation and shoot formation. 
There were significant differences within genotypes regarding the mean weight 
of callus formed from both sizes of immature embryos (Table 5. 1). Syrian genotypes 
(Ghota.1 and Ghota.82), according to the ANOVA analysis, were significantly 
superior the Basil.1 plants in their ability to callus formation regarding the callus 
weight (Figure 5. 5). The results showed, also, that the line Hi II plants were superior 
the hybrid Basil.1 in callus weight (Figure 5. 5). 
 
Figure 5. 5: The weight of callus formation and the response of targeted embryos of 
maize genotypes to callus formation (g). 
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5.5.2 Callus development and selection for stable transformation 
events 
Transformation experiments with pTF102 construct of  
Agrobacterium tumefaciens 
5.5.2.1 Stage 1 of selection (1.5 mgL−1 bialaphos): 
For the first selection of two weeks, immature zygotic embryos IZEs (35 IZEs per 
plate) were transferred from 7 days on the resting medium to callus induction media 
(Selection I medium- SM1) containing 1.5mgL
−1 bialaphos (Sigma Aldrich, UK). 
Plates were wrapped with Parafilm throughout selection and incubated at 28°C in the 
dark.  
Depending on the genotypes (Ishida et al. 2007), 2-3 sub-cultures (for Syrian 
hybrids) to 4-5 sub-cultures (varieties) were conducted on SMI until non-growing 
callus Type I, which is slightly yellow, started to grow rapidly forming callus type II 
which is white and friable (Plate 5. 6). Callus pieces (on SM1) were transferred every 
2 weeks to fresh selection media until putative transformation events (bialaphos-
resistant clones) were distinguishable as clusters of white, rapidly growing callus. 
The appearance of type II embryogenic callus in this stage was a visible indication of 
transformation events since it indicated that the type I callus was indeed resistant to 
the bialaphos and was able to develop to type II callus. 
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Plate 5. 6: Callus formation type I (left), and type II embryogenic callus (right) on 
selection I medium 
 
5.5.2.2 Stage 2 of selection (3 mgL−1 bialaphos): 
In the second selection stage, 20 embryos were cultivated per dish on SMII 
supplemented with 3 mgL−1 bialaphos at 28°C in the dark. Individual clones from the 
first selection were transferred and sub-cultured two more times (2 x 14d) on SMII 
media (Plate 5. 7). 
The medium was replaced every 14 d for up to one month until immature 
somatic embryos emerged (the rate of clone emergence can be “construct” 
dependent). The studied genotypes needed at least 11 weeks and as much as 15 
weeks to produce type II callus. On the other hand, putative Type II callus of Hi II 
events (Plate 5. 8) have been reported to be visible as early as 5 weeks and as late 
as 10 weeks after infection (Frame et al. 2011). The results reported here 
demonstrated that the different genotypes produced different callus types over 
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different number of sub-culturings and these results were consistent with (Ishida et 
al. 2007).   
 
Plate 5. 7: Surviving embryogenic callus Type II of Ghota.82 variety on selection II 
medium. 
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Plate 5. 8: Friable embryogenic callus Type II of Hi II transformed events surviving on 
selection II medium. 
 
5.5.3 The control response 
A good response of callus induction was detected for non-transformed embryos 
on callus induction medium without bialaphos (SM control) (Plate 5. 9 .a) and after 3-
4 subcultures on callus induction medium without bialaphos, callus developed and 
shoots formed successfully (Plate 5. 9.b). However, callus derived from the control 
(non- transformed embryos) initially stopped when cultured under bialaphos stress 
on SMI supplemented with 1.5 mgL
−1 bialaphos. After 2 sub-cultures of the control 
event, the colour of non-growing callus changed to a slightly brown colour indicating 
the beginning of cell necrosis. Callus of control died outright on SMII with 3.0 mgL
−1 
bialaphos and not all putatively resistant (transformed) calluses survived after sub-
culturing on this medium (Plate 5. 10). Surviving embryogenic calluses which were 
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bialaphos–resistant were selected and transferred to the next stage to attempt 
regeneration of plantlets using regeneration media (Plate 5. 11).  
 
Plate 5. 9.a: Callus induction derived from non-transformed embryos of the hybrid B.2 
(the control), and the hybrid Hi II (right) on a selection medium without bialaphos. 
(SMc). 
 
 
 
Plate 5. 9.b. Callus development and shoot formation of non-transformed callus on 
selection medium without bialaphos. 
 
 
 
b 
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Plate 5. 10: Death of non-transformed callus on SM/bialaphos (lift), surviving of 
transferred calluses with a selectable marker gene; bar under bialaphos stress (right). 
 
 
Plate 5. 11: Selection of bialaphos-resistant callus on selection II medium. 
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5.5.4 Stable transformation frequency 
Stable transformation frequency % was calculated as the number of independent 
bialaphos-resistant callus events recovered after sub-culturing on SMII with 3 mgL
-1 
bialaphos per 100 immature zygotic embryos infected and selected. 
Results from 23 transformation events (11 for hybrids, 7 for varieties and 5 for Hi 
II) showed that the stable transformation frequency of Syrian varieties was higher 
than the transformation frequency of Syrian hybrids. Transformation frequency, in 
these experiments, averaged 5.2% and ranged between 2.2% and 10.9% for hybrids 
(B.1 and B.2 respectively) and averaged 6.5% and ranged between 2.5% and 10.1% 
for varieties (Gh.1 and Gh.82 respectively) compared with an average transformation 
frequency of 14.5% for hybrid Hi II (Tables 5. 3 and 5. 4). 
Stable transformation frequency based on GUS gene expression was calculated 
as the number of GUS positive callus or explants which expressed positive GUS per 
100 embryos infected. Whereas 81% of bialaphos-resistant events recovered 
expressed the GUS gene for varieties, 92% of the bialaphos-resistant events of 
hybrids showed a positive GUS gene expression (Tables 5. 3 and 5. 4). However the 
percentage of recovered events expressing the GUS gene of total Hi II events 
resistant to bialaphos was 76%. Consequently it was concluded that the A. 
tumefaciens-mediated transformation was efficient to produce transgenic events in 
maize.  
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Table 5. 3: Efficiency of Agrobacterium tumefaciens EHA101-mediated transformation 
of Syrian maize hybrids, Basil.1 and Basil.2. NA, not applicable; NT, not tested. 
Genotypes
/construct 
Expmt.
date 
No. of 
inocula-
ted 
immature 
embryos  
 
 
(A) 
No. of 
callus 
forma-
tion
a
  
No. of 
Bialaphos
-resistant 
events 
recovered 
 
 
 (B) 
No. of 
callus 
events 
expres-
sing GUS 
gene 
e 
 
(C) 
No. of 
events 
regener-
ated to 
plants/ No. 
of events 
attempted  
(D) 
Frequency 
 of 
regenera-
tion 
b
  
  
         D, % 
Transforma-
tion 
Frequency 
c.d 
B/A,
% 
C/A,
% 
B.1/ 
pTF102 
27/08/12 46 34 5 5 1/5 20 10.9 10.9 
30/08/12 36 24 3 NT contam  8.3 - 
13/09/12 35 27 0 NA NA  0.00 0.00 
 138 96 3 3 1/3 33.3 2.2 2.2 
20/0912 25 8 2 2 0/2 0 8.00 8.00 
04/10/12 97 60 5 4 0/5 0 5.2 4.1 
Total  377 249 18 14 2/15 13.3 4.8 3.7 
B.1/ 
Control 
27/08/12 35 26   3/13 23.08   
30/08/12 12 7   0/10 0   
 20/09/12 25 18   6/12 50   
Total  72 51   9/35 25.71   
B.2/ 
pTF102 
25/08/12 35 20 1 1 0/1 0 2.86 2.86 
30/08/12 40 30 3 2 0/3 0 7.5 5.00 
13/09/12 40 25 1 1 0/1 0 2.5 2.50 
20/09/12 25 15 1 1 1//1 100 4 4.00 
25/09/12 29 17 3 3 0/3 0 10.34 10.34 
04/10/12 27 17 2 2 0/2 0 7.41 7.41 
Total  196 124 11 10 1/11 9.09 5.61 5.10 
 B.2/ 
Control 
25/08/12 33 32   1/19 5.26   
27/08/12 13 10   1/3 33.33   
 30/08/12 59 41   4/30 10   
  20 NT   1/13 7.69   
 20/09/12 23 12   0/4 0.00   
Total  128 95   7/69 10.2   
a: Number of callus initiated from different sizes of IEs on callus induction medium which 
based to calculate the callus formation %. 
b: Frequency of regeneration= (No. of events regenerated to plants/No. of events attempted) 
x 100. 
c: Transformation frequency = independent bialaphos (3 mgL-1) resistant events recovered/ 
total of embryos infected (X100). 
d: Transformation frequency was calculated as the number of GUS positive callus or 
explants among the total number of embryos infected,%. Results were scored 3–5 
subcultures after treatment with A.tumefaciens or when the explants were produced. 
e: Intron gus: a β-glucuronidase (GUS) gene that carries an intron in the coding sequence 
(intron-gus) (Jefferson 1987; Ohta et al. 1990).   
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Table 5. 4: Efficiency of Agrobacterium tumefaciens EHA101-mediated maize 
transformation of Hi II and Syrian varieties, Ghota.1 & Ghota.82. 
Genotype/ 
construct 
Expmt.
date 
No. of 
inocul
-ated 
IEs  
 
 
(A) 
No. of 
callus 
formation 
a
  
No. of 
Bialaphos
resistant 
events 
recovered 
 
 (B) 
No. of 
callus 
events 
express-
ing GUS 
gene
e 
(C) 
No. of 
events 
regener-
ated to 
plants/ No. 
of events 
attempted  
(D) 
Frequency 
 of 
regenera-
tion 
b
  
D, % 
Transforma-
tion 
Frequency 
c.d 
B/A, 
% 
C/A,
% 
Gh.1/ 
pTF102 
 
21/08/12 40 22 1 NT 1//1 100 2.5 - 
 33 20 0 NA NA   0.00 
25/08/12 35 23 1 0 0/1 0 2.9 0.00 
13/09/12 32 20 3 2 0/3 0 9.4 6.3 
02/10/12 79 41 8 8 6/8 75 10.1 10.1 
Total 
 
219 126 13 10 7/13 53.9 5.9 4.6 
Gh.1/ 
control 
25/08/12 66 50   20/29 69   
13/09/12 15 9   2/7 28.6   
Total  81 59   22/36 61.1   
          
Gh.82/ 30/08/12 57 30 2 2 1//2 50 3.5 3.5 
pTF102 13/09/12 15 8 1 NT 0/1 - 6.7 0 
 02/10/12 70 40 7 5 5/7 71.4 10 5.7 
Total  142 78 10 7 6/10 60 7.04 5.00 
 
Gh.82/ 
Control 
 
30/08/12 
 
17 
 
14 
   
4/7 
 
57.14 
  
13/09/12 55 41   20/29 69   
 15/10/12 29 13   11/13 84.62   
Total  101 68   35/49 71.4   
Hi II/ 
pTF102 
22/09/12 78 53 15 12 5/9 55.6 19.2 15.4 
25/09/12 50 37 7 5 5/6 83.3 14 10 
15/10/12 44 32 7 6 7/7 100 15.9 13.6 
 02/10/12 29 22 2 2 2/2 100 6.9 6.9 
 04/10/12 27 20 2 0 2/2  7.4 0 
Total  228 164 33 25 21/26 80.8 14.5 11.0 
HiII/Cont 
22/09/12 30 25   6/6 100   
25/09/12 25 19   17/18 94.4   
Total  55 44   23/24 95.8   
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5.5.5 Regeneration and rooting of transgenic plants 
5.5.5.1 Shoot formation; Mature somatic embryo production 
Regeneration of transgenic bialaphos-resistant Type II callus that were friable 
and had somatic embryos present (Plate 5. 12. a) was accomplished by culturing 
callus on RMI supplemented with 1.5 mgL
-1 bialaphos for 2-3 weeks. Firstly, 
immature somatic embryos were produced from small callus pieces (approximately 4 
mm) of somatic embryo-enriched callus (Plate 5. 12, b). Then, the production of 
mature somatic embryos was accomplished by further maturation for a further week 
after sub-culturing on fresh RMI medium.  
Results were promising, with maize genotypes producing mature somatic 
embryos using RMI which appeared swollen and white or purple (Plate 5. 13) and 
shoot formation was also apparent at this stage sprouting from different shapes of 
mature somatic embryos (Plate 5. 14). 
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Plate 5. 12: Formation of immature somatic embryos on regeneration I medium. 
Somatic embryo-enriched callus type II (a); immature somatic embryos production (b). 
About 10 to 15 small pieces of highly embryogenic callus placed per petri dish. Petri-
plates were wrapped with vent tape (leucopore tape) and incubated at 25°C in the 
dark. 
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Plate 5. 13: Mature somatic embryos formation. Differentiation of mature somatic 
embryos of embryogenic callus event emerging from a single clone (a). Separated 
mature somatic embryos derived from a single clone on RM containing 3 mgL-1 
bialaphos (b), at 25°C in the dark. 
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Plate 5. 14: Different shapes of mature somatic embryos coloured white, white 
yellowish or purple (a, b, and c), beginning of shoot formation of mature embryos (d) 
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5.5.5.2 Shoot formation and plantlet formation 
Mature somatic embryos showed a high ability to regenerate transgenic plants of 
maize by forming shoot and roots. Over 37 transgenic events were regenerated to 
plants and grown on. This was accomplished by production of shoots and roots of 
mature somatic embryos through further maturation and germination in the light on 
RM II followed by further elongation on MS solid media. Shoots were formed from 
clusters of maize calluses with mature somatic embryos (Plate 5. 15) and from 
individual mature somatic embryo (Plate 5. 16) that germinated on the surface of RM 
II in an illuminated incubator for 2-4 weeks.  
   
 
Plate 5. 15: Plantlet formation. Shoots and roots formation from segments of 
embryogenic callus. Plantlet formation of Ghota.1 variety (a), and shoot 
formation of Ghota.82 variety (b) and of Hi II hybrid (c). 
 
a b 
c 
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Up to 15 mature embryogenic callus, or individual mature somatic embryos were 
derived from one clone placed per petri dish wrapped with vent tape and incubated 
at (24°C, 16:8 photoperiod). 
 
Plate 5. 16: Shoots formation derived from individual mature somatic embryos. 
Shoot formation of Hi II hybrid (a), and plantlet formation of Syrian varieties (b) 
and Syrian hybrids (c).  
 
When the plantlets developed fully formed roots and shoots (Plate 5. 17) they 
were transferred individually to glass vials (150 x 25mm) containing 15 mL of 2/3 
strength MS solid media for further elongation for 10-14 days (Plate 5. 18) until they 
reached a total shoot length of approximately 10 cm.  
Regeneration (%) was calculated as the number of independent transgenic clones 
successfully regenerated to plants per 100 events for which regeneration was 
attempted.  
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Results showed that there were differences between genotypes regarding the 
ability to regenerate and produce transgenic plants from mature somatic embryos. 
Frequency of regeneration for Syrian varieties was higher (57%) than that for hybrids 
(12%) (Tables 5. 3 and 5. 4). But, of the 26 survived callus events with mature 
somatic embryos for which regeneration was attempted, 21 transgenic events of Hi II 
regenerated to transgenic plants successfully (Table 5. 4). The average percentage 
of regeneration of transformed events attempted with Hi II was the best (81%) 
compared with that from non-transformed events (96%). However, Syrian varieties 
also showed a good efficiency of regeneration with 54-60% for transgenic events 
from Ghota.1 and Ghota.82 respectively (Table 5. 4). 
 
 
Plate 5. 17: Production of plantlet with fully formed roots and shoots on RMII, 
24 ºC,16 hours light (170 μmol s−1m−2). Explant produced from 1 transgenic 
clone on RM II were transplanted individually per boiling tube.  
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Plate 5. 18: Plantlets with fully formed roots and shoots in the boiling tubes, 24 
ºC, 16 hours light (170 μmol s−1m−2).  
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5.5.6 Plant Acclimatization in the growth chamber 
Transformed maize plants were acclimatized successfully in a growth chamber. 
When roots were well established in the glass vials, plantlets with 6 to 10 cm leaf 
length were transferred to soil in small pots (7.5 cm) for plant hardening in the growth 
chamber in the light. Plantlets were covered with a plastic Humi-dome (Plate 5. 19, 
a) with one ventilation hole opened, or planted within a plastic container for 14 days 
(Plate 5. 19, b). 
After 1 - 2 week of hardening within a humi-dome in the growth chamber (Plate 5. 
20), plants with roots which had “bonded” with the soil were transplanted into bigger 
pots (10 cm) of soil in the growth chamber (Plate 5. 21) for a further 7 to 10 days of 
hardening before removing from the growth chamber to the growth room.  
The results of hardening showed an acceptable percentage of hardened 
transformed plants that succeeded to continue growing in the growth room. Of 8 
transformed plants subjected to hardening, 5 plants of Syrian hybrids were grown 
successfully and survived and 18 transformed plants of varieties survived after the 
acclimatization of 25 transformed maize plants in the growth chamber (Table 5. 5). 
However, the hybrid Hi II showed a good ability of acclimatization. The average 
percent of successfully weaned plants reached 75% under the hardening condition in 
the lab. 33 plants succeeded to continue growing to the maturity stage of 44 
transformed Hi II plants that were acclimatized in the growth chamber (Table 5. 5).  
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Plate 5. 19: Plant hardening in the growth chamber in small pots of soil. Hardening of 
transformed plants using the Humi-dome (a), and using plastic containers (b). (22/20 
ºC day/night, 13 hours light, 170 μmol s−1m−2 photon flux density).  
  
Table 5. 5: Hardening and production of transgenic maize plants in growth chamber. 
Genotypes 
Hardening of regenerated maize plants transformed with pTF102 
No. of 
transgenic 
clones 
a
 
No. of events 
regenerated to 
plants 
b
 
No. of 
explants 
c
 
No. of 
dead 
plants 
No. of 
successfully 
hardened 
plants 
B.1 2 2 5 2 3 
B.2 1 1 3 1 2 
Gh.1 7 7 14 4 10 
Gh.82 6 6 11 3 8 
Hi II 21 21 44 11 33 
a: Different clones were derived from different embryos infected at the same experiment or 
different experiments of transformation. 
b: Independent bialaphos resistant events regenerated to plants from the transgenic clones 
recovered. 
c: explants were produced from the regenerated plants by subculture the explants 
individually on a fresh MS medium. 
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Plate 5. 20: Plantlets in small pots of soil after 2 weeks of hardening within a humi-
dome in the growth chamber.     
 
Plate 5. 21: Plantlets in 10 cm pots of soil for plant hardening in the growth chamber. 
Plants are 3 weeks old ready to transplant in the growth room. 
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5.5.7 Production of R1 progeny of transgenic plants 
R1 progeny of transformed maize plants was produced by culturing the R0 
progeny plants that hardened in the growth chamber for 2 to 3 weeks. Transformed 
R0 plants that acclimatized, at 4-5 leaf stage with a good root mass, were 
transplanted into a 35-cm pot (20 L) in a walk-in growth room at (25/17°C day/night, 
16 hours light 170 μmol s-1 m-2 photon flux density) until full maturity. In addition, at 
the same time, R1 maize grains of non-transformed plants ”controls” were grown in 9 
cm pots (0.25 L) in a growth chamber at 22/20 oC day/night, 13 hours light, 170 μmol 
s−1m−2 photon flux density, for three weeks. At this time, transformed and non-
transformed plants of similar growth stage were planted alongside each other in the 
growth room in a cultivation substrate mix (John Innes compost and sand, 2:3 ratio) 
and 60 g of a general long-term slow release fertilizer, Osmocote Pro, per pot. The 
control non-transformed plants were used to pollinate the transformed plants whose 
tassels were removed before flowering (for bio-security reasons). The tassels of 
control plants were covered with plain brown bags to collect the pollen from the 
donor plants. Three non-transformed plants were used to pollinate each transformed 
plant to make sure pollen was available when the silks of transformed plants 
emerged because usually there are some differences in the time of male and female 
flowering in maize.  The pollination was carried out when the silks were 2-3 days old 
using fresh pollen of control plants. Care of plants in the growth room was carried out 
according to the general glasshouse care of plants (as mentioned in the chapter 3: 
Growth of donor plants and glasshouse Care). Cobs of R1 progeny (Plate 5. 22) 
were harvested from the mature transformed plants and the results showed a high 
germination ability of R1 seeds. Transformed R0 and R1 plants successfully produced 
transgenic cobs in the growth room (Table 5. 6). These transgenic seeds of R1 
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progeny were used in the next experiments of assessment of abiotic stress 
resistance of transformed maize plants by physiological assays by culturing this 
progeny in the growth room and exposing the plants to abiotic stress (salt stress).  
 
 
Plate 5. 22: Production of R1 progeny of transformed plants in the growth room (a). R1 
progeny of B.2 (b), and the progeny of Gh.1 (c). 
 
 
a 
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Table 5. 6: Fertility of R0 & R1 progenies of transgenic maize plants derived from 
EHA101/pTF102 and EHA105/ PpCBF1. NT, not tested. 
Genotype 
 
 
 
Event 
ID
* 
R0  Progeny 
EHA101/pTF102 EHA105/ PpCBF1 
No. of  
Plant 
harvested/ 
No. of 
Outcrosses 
No. of 
seeds/ 
cob
b 
Weight 
of 1000 
seed(g)
c 
%plants 
produce
d seed  
(n=5-13)
  
No. of  
Plant 
harvested/ 
No. of 
Outcrosses 
No. 
of 
seed
/ 
cob 
Weight 
of 
1000 
seed 
%plants 
produce
d seed
 
 
(n=3-18) 
Varieties 
Gh.1 6/8   75 8/10   80 
Gh.82 4/5   80 5/8   63 
 Avg. 10/13 92 302 77 13/18 107 297 72 
Control a  6/8 102 307 75 NT - - - 
          
Hybrids 
B.1 2/3   67 1/3   33.3 
B.2 2/2   100 3/3   100 
 Avg. 4/5 106 231 80 4/6 126 240 67 
Control  5/8 88 244 63 NT -  - 
Varieties 
 R1  Progeny 
d 
Gh.1 1/2   50 3/5 83  60 
Gh.82 2/2   100 NT -  - 
 Avg. 3/4 119 306 75 3/5 83 310 60 
Control  NT   - ¾ 105 NT 75 
          
Hybrids 
B.1 1/1    NT    
B.2 1/1    NT    
 Avg. 2/2 129 243 100 NT - - - 
Control  3/4 128 240 75 NT - - - 
*
 The female plant was pollinated from the same plant or crossed with another non-
transformed plant for each genotype.  
a: Control data were collected from non-transgenic plants derived from embryogenic callus.  
b: In some cases, the pollen was not available to pollinate all the female silks efficiently.  
c: Harvested seeds were dried at room temperature before the weight. 
d: Percentage of R1 plants harvested seed obtained from data based on 2- 5 plants.  
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5.5.8 Transformation experiments by the Agrobacterium strain 
EHA105 containing pBINPLUSARS plasmid with CBF gene 
Initially, maize transformation with A. tumefaciens harbouring the pTF102 
plasmid carrying the bar gene that confers resistance to herbicide phosphinothricin 
(bialaphos) was investigated. After a routine and efficient protocol using an A. 
tumefaciens standard binary vector system was established and developed to 
transfer Syrian maize genotypes, this protocol was translated to transfer of Syrian 
genotypes with anti-stress genes, the stress regulon transcription factor CBF gene, 
and compared with the hybrid line Hi II which is considered the germplasm used as a 
model (Armstrong et al. 1991) in a routine transformation of maize  (Armstrong et al. 
1992; Shrawat and Lörz 2006). These experiments aimed to produce abiotic stress-
resistant plants of Syrian genotypes using Agrobacterium-mediated transformation of 
immature embryos to be promising core in the Syrian maize breeding against the 
abiotic-stress. 
The main aims of these experiments were to optimise a tissue culture system using 
immature zygotic embryos to initiate callus and to induce somatic embryogenesis in 
these cultures and then attempt to regenerate the somatic embryos from these cultures 
that transformed with anti-stress gene using the A. tumefaciens to produce genetically 
altered plants of maize that resistant to abiotic stresses. 
In these transformation experiments, immature somatic embryos of Syrian varieties 
and hybrids and the hybrid Hi II were transformed with A. tumefaciens strain EHA105 
harbouring a pBINPLUSARS plasmid carrying CBF.  
Results showed that 31 kanamycin-resistant events of Syrian hybrids were 
recovered on selection media supplemented with 50mgL-1 Kanamycin. While 29 events 
of Syrian varieties were recovered on the selection medium against 21 transformed 
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events of Hi II were registered that kanamycin-resistant events after (2-5 x 14d) 
subcultures on selection media (Tables 5. 6 and 5. 7).  After that, mature somatic 
embryos were initiated from the surviving clusters of kanamycin-resistant callus (Plate 
5. 23) and regenerated successfully (Plate 5. 24). This regeneration of transgenic 
callus was accomplished by culturing the surviving friable calluses on regeneration 
medium supplemented with 25mgL-1 Kanamycin for 2-4 weeks. Firstly, immature 
somatic embryo-enriched calluses were produced. Then, by one to two sub-cultures 
on a fresh regeneration medium, mature somatic embryos appeared white and 
swollen were identified. Every somatic embryogenic cluster of callus produced many 
mature somatic embryos that were then used to produce transformed plants of 
maize.  
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Plate 5. 23: Mature somatic embryos formation. 
 
Plate 5. 24: Regeneration of mature somatic embryos derived from Ghota.1 variety 
transformed with CBF gene by Agrobacterium EHA105. 
 
5.5.8.1 Transformation frequency 
Transformation frequency percentage was calculated as the number of 
independent kanamycin-resistant callus events recovered after sub-culturing on a 
SMII supplemented with 50 mgL
-1 kanamycin per 100 immature zygotic embryos 
infected with A. tumefaciens EHA105 harbouring the pBINPLUSARS plasmid 
carrying the CBF gene.  
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Results of 14 transformation experiments of Syrian hybrids (6 transformation 
events for the hybrid B.1 and 8 transformation events for the hybrid B.2) showed that 
of 458 inoculated immature embryos of the hybrid B.1, 8 transformed events were 
kanamycin-resistant events while 23 transformed events of the hybrid B.2 were 
recovered on Kanamycin resulting from transformation of 577 immature embryos 
(Table 5. 7). Therefore, the stable transformation frequency of Syrian hybrid B.2 was 
3.99% and was higher than the transformation frequency of the hybrid B.1 at 1.75%. 
Transformation frequency in these experiments averaged 2.87% and ranged 
between 1.39% and 10.29% for hybrids (B.1 and B.2 respectively) (Table 5. 7). 
Transformation frequency calculated from data of 11 transformation experiments of 
varieties (6 for Ghota.1 and 5 for Ghota.82) demonstrated that of the 563 
transformed immature embryos of the variety Ghota.1, 18 transformed events 
showed resistance to kanamycin, while 11 transformed events of the variety 
Ghota.82 were recovered from 305 inoculated immature embryos on a SM with 
50mgL-1 kanamycin (Table 5. 8). There were slight differences between the 
transformation frequencies of the two Syrian varieties with the transformation 
frequency of Ghota.1 at 3.2% and 3.61% for the variety Ghota.82. Overall, the 
transformation frequency of Syrian varieties averaged 3.41% and ranged between 
1.67 and 7.14% for the varieties Ghota.1 and Ghota.82 respectively (Table 5. 8). The 
results showed that the highest frequency of transformation by the A. tumefaciens 
EHA 105 in these experiments was 6.31% for the hybrid Hi II (Table 5. 8). These 
differences of transformation frequency confirmed the significant impact of genotype 
on successful Agrobacterium-mediated transformation of maize as stated by Wei, 
(2009).  
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Table 5. 7: Efficiency of Agrobacterium tumefaciens EHA105-mediated transformation 
of Syrian maize hybrids, Basil.1 and Basil.2.  
NA, not applicable; NT, not tested. 
Genotypes/ 
construct 
Experiment 
date 
No. of 
inoculated 
immature 
embryos  
 
 
 
 
(A) 
 
No. of 
callus 
formation 
a  
No. of 
Kanamycin-
resistant 
events 
recovered  
 
 
(B) 
No. of 
events 
regenerated 
to plants/ 
No. of 
events 
attempted 
(C) 
 
Frequency 
of 
regeneration b 
  
 
Transformation 
Frequency 
c 
       C, % B/A,% 
B.1/CBF 
27/08/12 107 67 0 NA  0.00 
30/08/12 35 24 1 1/1 100 2.86 
13/09/12 33 19 0 NA  0.00 
 104 57 3 contam  2.88 
20/0912 72 52 1 0/1 0.00 1.39 
 25 12 0 NA  0.00 
25/09/12 40 26 2 1/2 50 5.00 
04/10/12 42 27 1 0/1 0.00 2.38 
Total  458 284 8 2/5 40 1.75 
B.1/ 
Control 
27/08/12 45 37  1/11 9.09  
 13/09/12 36 23  2/10 20  
 20/09/12 40 21  0/7 0.0  
  45 30  4/12 33.33  
Total  166 111  7/40 17.5 
B.2/ CBF 
21/08/2012 35 22 1 0/1 0.00 2.86 
 62 46 0 NA  0.00 
25/08/12 69 45 0 NA  0.00 
27/08/12 26 20 0 NA  0.00 
30/08/12 68 48 7 1/4 25 10.29 
13/09/12 33 19 0 NA  0.00 
20/09/2012 39 16 2 1/2 50 5.13 
 45 30 4 1/4 25 8.89 
25/09/2012 40 25 3 NT  7.50 
04/10/2012 39 27 1 0/1 0.0 2.56 
 44 25 1 0/1 0.0 2.27 
 51 36 3 0/2 0.0 5.88 
  26 20 1 0/1 0.0 3.85 
Total 
 
577 379 23 3/16 18.75 3.99 
 
B.2/Control 21/08/2012 45 28  0/9 0.0  
 25/08/12 51 35  3/15 20  
 13/09/12 65 51  2/18 11.11  
 20/09/12 70 50  2/12 16.67  
Total  231 164  7/54 12.96 
a: Number of callus initiated from different sizes of IEs on callus induction medium which 
based to calculate the callus formation %. 
b: Frequency of regeneration= (No. of events regenerated to plants/ No. of events 
attempted) x100. 
c: Transformation frequency= independent Kanamycin (50 mgL-1) resistant events 
recovered/ total of embryos infected (X100). 
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Table 5. 8: Efficiency of Agrobacterium tumefaciens EHA105-mediated transformation 
of Syrian maize varieties, Ghota.1 and Ghota.82, and the hybrid Hi II.  
NA, not applicable; NT, not tested.  
Genotypes/ 
construct 
Experiment 
date 
 
No. of 
inoculated 
immature 
embryos  
 
 
 
 
(A) 
 
No. of 
callus 
formation 
a
  
 
No. of 
Kanamycin-
resistant 
events 
recovered 
 
 
(B) 
No. of 
events 
regenerated 
to plants/ 
No. of 
events 
attempted 
(C) 
 
Frequency 
of 
regeneration b 
 
 
C, % 
 
Transformation 
Frequency 
c 
 
 
B/A,% 
Gh.1/CBF 
21/08/12 120 66 2 1/2 50 1.67 
23/08/12 59 31 3 2/3 66.67 5.09 
 42 26 2 2/2 100 4.76 
 40 23 1 0/1 0.0 2.50 
 30 19 1 1/1 100 3.33 
27/08/12 64 45 3 0/2 0.0 4.69 
13/09/12 41 30 0 NA  0.00 
 31 18 1 1/1 100 3.22 
16/09/12 74 38 0 NA  0.00 
02/10/12 62 39 5 4/5 80 8.06 
Total  563 335 18 11/17 64.71 3.20 
Gh.1/ 
Control 
23/08/12 45 30  4/8 50  
27/08/12 51 35  14/17 82.35  
20/09/12 70 55  12/19 63.16  
 2/10/ 12 35 21  2/3 66.67  
Total  201 141  32/47 68.09  
Gh.82/ 
CBF 
23/08/2012 70 54 5 2/4 50 7.14 
27/08/12 45 27 0 NA  0.00 
13/09/12 33 18 0 NA  0.00 
25/09/2012 112 68 6 3/5 60 5.36 
02/10/2012 45 25 0 NA  0.00 
 
Total  305 192 11 5/9 55.56 3.61 
Gh.82/ 
Control 
13/09/12 35 25  2/3 66.67  
25/09/12 40 27  0/2 0.0  
02/10/12 31 18  5/5 100  
15/10/12 30 22  1/1 100  
Total  136 92  8/11 72.73  
Hi II/CBF 
 
20/09/2012 31 25 0 NA  0.00 
22/09/2012 118 78 9 7/9 77.78 7.63 
25/09/12 108 69 12 8/11 72.73 11.11 
 04/10/12 76 64 0 NA  0.00 
Total  333 236 21 15/20 75 6.31 
Hi II/Cont. 
22/09/2012 45 39  10/10 100  
25/09/2012 39 31  9/9 100  
 04/10/2012 41 37  12/13 92.31  
 06/10/2012 47 33  11/11 100  
Total  172 140  42/43 97.67  
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5.5.8.2 Regeneration and rooting of transgenic plants 
It has been reported that the regeneration ability of genetically transformed 
cereals of different germplasm is varied and an adequate regeneration potential of 
genotypes is required for successful Agrobacterium-mediated genetic transformation 
(Tzfira et al. 2002). Results presented here confirmed that Syrian maize genotypes 
varied in their regeneration ability in in-vitro. The frequency of regeneration of 
varieties was higher than the regeneration frequency of hybrids (Tables 5. 7 and 5. 
8). Of the 5 kanamycin-resistant events recovered of Basil. 1 for which the 
regeneration was attempted only 2 transformed events with CBF gene regenerated 
to plants. Also, only 3 transformation events of the hybrid Basil.2 were regenerated 
successfully to plants from 13 transformed events which failed to regenerate (Table 
5. 7). But, of 17 survived transformation events of the variety Ghota.1 for which the 
regeneration was attempted, 11 were regenerated to plants on the regeneration 
media. Moreover, 5 events of 9 transformed events of the variety Ghota.82 were also 
regenerated to plants (Table 5. 8). The average regeneration frequency was 65-56% 
for the varieties Ghota.1 and Ghota.82 respectively while; the percentage of 
frequency of regeneration was 19% for the hybrid Basil.2. The average percent of 
regeneration frequency of the hybrid Basil.1, based on 5 transformed events that 
subjected to regeneration, was 40%. On the other hand, the percentage of recovered 
events regenerated to plants of total Hi II events expressing resistance to kanamycin 
was 75% (Table 5. 8). Results of regeneration of 20 kanamycin-resistant events of 
the hybrid Hi II showed that 15 transformed events were regenerated successfully.  
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5.5.8.3 Plantlet formation and plant acclimatization in the growth chamber 
Results showed that transformed plantlets of R0 progeny of genotypes were 
formed successfully. Most of regenerated plants were transformed explants. 
Explants of the R0 progeny were subjected to hardening in a growth chamber for 14 
to 21 days before transplanting them to the growth room. Over 44 transformed plants 
were derived successfully from 34 transgenic events regenerated (Table 5. 9).  
Table 5. 9: Hardening and production of transformed maize plants in the growth 
chamber. 
Genotypes 
Hardening of regenerated maize plants transformed with CBF 
construct 
No. of 
transgenic 
clones 
a
 
No. of 
events 
regenerated 
to plants 
b
 
No. of 
explants 
c
 
No. of 
dead plants 
No. of 
successfully 
hardened 
plants 
B.1 2 2 4 1 3 
B.2 3 3 5 2 3 
Gh.1 11 11 17 4 13 
Gh.82 8 8 12 2 10 
Hi II 10 10 18 3 15 
a: Different clones are derived from different embryos inoculated with EHA105/CBF 
construct during different experiments of transformation. 
b: Independent Kanamycin-resistant events regenerated to plants from the transgenic 
clones recovered. 
c: Explants were produced from regenerated events by sub-culturing them individually on 
a fresh MS medium. Those explants were acclimatized in a growth chamber. 
 
Generally the maize genotypes showed a good response to acclimation in the 
growth chamber and produced mature transformed plants in the growth room. Of the 
9 transformed plantlets of the Syrian hybrids, 6 transformed plants survived and 
produced mature plants and 23 transformed plants of Syrian varieties were 
acclimatized successfully in the growth chamber, while only 6 transformed plants 
failed to continue growing. Moreover, of the 18 transformed explants of the hybrid Hi 
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II for which the acclimatization was attempted, 15 events (83%) produced mature 
transformed plants (Table 5. 9). 
5.5.9 Transformation efficiency using Agrobacterium tumefaciens 
mediated transformation 
Transformation efficiency % was calculated as the number of independent 
bialaphos/ kanamycin-resistant events recovered after sub-culturing on SMII 
supplemented with 3 mgL-1 bialaphos (for pTF102), or with 50 mgL-1 Kanamycin (for 
CBF) per 100 immature embryos infected. 
Results of ANOVA analysis of 23 transformation experiments using the 
Agrobacterium strain EHA101 (pTF102), and 30 experiments transformed by the 
Agrobacterium EHA105 (CBF) showed that differences in the transformation 
efficiency of Agrobacterium strains was highly significant (Table 5. 10). 
Transformation efficiency using the Agrobacterium strain EHA101 was higher than 
the transformation efficiency of EHA105 (Figure 5. 6 and Table 5. 11). Whereas this 
was 3.23% of transformed kanamycin-resistant events recovered using the CBF 
construct, 7.65% of the pTF102 events were bialaphos-resistant events derived from 
Hi II and Syrian genotypes (Figure 5. 6). There were no significant differences 
between genotypes regarding their transformation ability (Figure 5. 7 and Table 5. 5). 
However the percentage of recovered events of Hi II using EHA101 was the highest 
at 12.1%, while the transformation efficiency of Basil.2 was 5.7%. For EHA105, the 
highest transformation efficiency was 4.7% for Hi II compared to 1.8% of Basil.1 
(Figure 5. 7). 
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Figure 5. 6: Transformation efficiency of Agrobacterium tumefaciens strains-mediated 
transformation of Hi II and Syrian maize genotypes. Values are the means of four 
replications for each genotype. Different letters above the standard error bars indicate 
significant differences within treatments (P= 0.001). 
 
 
Figure 5. 7: Transformation efficiency of Hi II and Syrian maize genotypes using 
Agrobacterium tumefaciens strains. Values are the means TE% of four replications 
each genotype. 
  
 
0.0
2.0
4.0
6.0
8.0
10.0
EHA101 EHA105
T
ra
n
s
fo
rm
a
ti
o
n
 e
ff
ic
ie
n
c
y
 %
 
Agrobacterium tumefaciens strains  
a 
b 
0.0
2.0
4.0
6.0
8.0
10.0
12.0
14.0
16.0
Ghota.1 Ghota.82 Basil.1 Basil.2 Hi II
T
ra
n
s
fo
rm
a
ti
o
n
 e
ff
ic
ie
n
c
y
 %
 
Maize genotypes 
EHA101
EHA105
Production of genetically altered maize plants 
188 
 
Table 5. 10: Fisher’s significance test (p value) and Least Significant Difference 
(L.S.D) values of transformation efficiency %, TE at (5 and 1)% level of significance 
(two-tailed). 
Source of variance P value L.S.D (0.05) L.S.D (0.01) 
Treatments 
 (Agrobacterium strains) 
0.001*** 2.36 3.18 
Genotypes 0.184 N.S N.S 
Treatments x Genotypes 0.569 N.S N.S 
Significant -* Very significant - ** Highly significant -*** N.S. Non-significant  
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Table 5. 11: Frequencies of transformation and regeneration of Syrian genotypes transformed by A. 
tumefaciens EHA101/pTF102 and Agrobecterium EHA105/PpCBF1. 
 Bial: bialaphos, Km: kanamycin. 
Varieties 
Gh.1 & Gh.82 
Hybrids 
B.1 & B.2  
 
 
 
Agro 
strains/ 
construct 
 
No. of 
inoculated 
immature 
embryos 
 
 
(A) 
 
No. of 
Bial/Km- 
resistant 
events 
recovered 
 
(B) 
 
No. of events 
regenerated 
to plants/ No. 
of events 
attempted 
 
(C) 
 
Frequency 
of 
regeneration
a
 
 
C, % 
 
Transforma-
tion 
Frequency
b
 
 
B/A,% 
 
 
No. of 
inoculated 
immature 
embryos 
 
 
(A) 
 
No. of 
resistant 
events 
recovered 
 
 
(B) 
 
No. of events 
regenerated 
to plants/ No. 
of events 
attempted 
 
(C) 
 
Frequency 
of 
regeneration 
 
 
C, % 
 
Transformation 
Frequency 
 
 
B/A,% 
 
 
EHA101/ 
pTF102  
 
361 23 13/23 56.5 6.4 573 29 3/26 11.5 5.1 
EHA105 
/PpCBF1 
868 29 16/26 61.5 3.34 1035 31 5/21 23.8 3.0 
 
Total 
c 
 
1229 52 29/49 59.2 4.2 1608 60 8/47 17 3.7 
 
 
          
a: Frequency of regeneration= (No. of events regenerated to plants/No. of events attempted) x100. 
b: Transformation frequency= independent Kanamycin (50 mgL-1) or bialaphos (3 mgL-1) resistant events recovered 
/total of embryos infected (X100). 
c: The sum of immature embryos of Syrian varieties and hybrids infected with EHA101 (pTF102) and EHA105 
(PpCBF1).  
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5.6 Discussion 
5.6.1 Callus induction, genotypes response and the effect of immature embryo 
size on callus formation  
Genotypes were varied somewhat in their response to callus formation but there 
were no significant differences between genotypes regarding callus induction.  
Significant differences were found between genotypes regarding callus weight and 
subsequent callus development according the callus weight initiated after 7 to 10 
days on callus induction media. The Syrian varieties succeeded to develop the callus 
more than the hybrids indicating that there are significant impacts of genotype on 
both embryogenic callus induction and callus differentiation and these results 
correspond with the results of Wei (2009). Syrian varieties were significantly superior 
the hybrid B.1 regarding callus weight initiated on callus induction media after 10 
days of inoculation. However, the performance of the variety Ghota.82 to develop 
callus was similar to Hi II hybrid response to callus weight and was better than for 
the variety Ghota.1 (Figure 5. 5). Results showed that callus induction is genotype 
dependent as stated in (Frame et al. 2011).   
 
Callus induction and callus weight was significantly affected by the initial embryo 
(explant) size. It has been previously demonstrated that embryo size is one of the 
most significant factors that influences the callus induction and successful 
Agrobacterium-mediated transformation of cereals (Wu et al. 2003; Shrawat et al. 
2007) and this was supported here. The embryo size of 1.5-2.00mm showed the 
best response of callus induction (Figure 5. 2) but the callus derived from embryos 
>2.00mm weighed significantly more than those initiated from the size 1.5-2.00mm 
(Figure 5. 4). However, the percentage of callus induction from 1.5-2.00mm was 
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significantly superior to the callus induction percentage of > 2.00mm embryos. These 
results showed that callus induction is embryo size dependent.  
5.6.2 Stable transformation frequency 
The efficiency of transformation varied between genotypes. Whereas, 
transformation frequency of Syrian hybrids averaged 5.2% using Agrobacterium 
strain EHA101, it was 6.5% for the varieties. These results emphasize that the 
transformation frequency can be genotype dependent. The best response of 
Agrobacterium-mediated transformation was with Hi II. These results  confirm that 
genotype is one of the most important factors affecting the efficiency of 
transformation by Agrobacterium (Wei 2009; Cao et al. 2014). Results showed that 
the response of genotypes to transformation by the Agrobacterium strain EHA105, 
also varied but the transformation frequency of Syrian varieties was still higher than 
the transformation frequency of hybrids (Tables 5. 7 and 5. 8). This confirms that  the 
plant germplasm and the type of plant tissue used in the Agrobacterium-mediated 
transformation systems are two of the most crucial factors for successful 
transformation of maize as reported by Nadolska-Orczyk and Przetakiewicz (2000).  
Comparison between the Agrobacterium efficiency of transformation revealed that 
the efficiency of Agrobacterium strains to transform maize genotypes also varied 
significantly (Table 5. 10). The transformation frequency using the Agrobacterium 
strain EHA101 (5.21, 6.47)% of Syrian genotypes (hybrids and varieties) respectively 
was higher than the transformation frequency of Agrobacterium strain EHA105 (2.87, 
3.41)%. Therefore, even though A. tumefaciens has been successfully used to 
transform immature embryos (Shrawat and Lorz 2006; Valdez-Ortiz et al. 2007; 
Zhang et al. 2010), the choice of appopriate strains of Agrobacterium harbouring 
binary vectors and carrying virulence genes is very important to acheive an efficient 
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transformation of a wide range of germplasm (Hiei et al.1994; Komari et al. 1996). 
The frequency of transformants was significantly influenced by the Agrobacterium 
strains used in this study, as Cao et al. (2014) reported. An efficient gene transfer 
may be achieved using different Agrobacterium strains by empirical experimentation 
of different germplasm. Frame et al. (2002 and 2011) previously used the A. 
tumefaciens EHA101 harbouring the standard binary vector pPTF102 to transform 
immature zygotic embryos of the hybrid line Hi II efficiently and this successfully 
served as the “proof of system” adopted in this study. The Agrobacterium strain 
EHA105 harbouring the pBINPLUS/ARS vector containing the enhanced 35S-
PpCBF1 fragment however was developed to successfully transform apple by 
(Wisniewski et al. 2011) and had not been used for maize previously. In other 
studies, it has been found that the Agrobacterium strain EHA105 was the most 
efficient to transform the microalga Chlamydomonas reinhardtii with a higher rate of 
transformation frequency than EHA101 and  LBA4404 (Pratheesh et al. 2012) and in 
the transformation of pea (Pisum sativum L.), the efficiency of transformation with 
hypervirulent EHA105 strain was higher than for strains LBA 4404 and C58C1 
(Nadolska-Orczyk and Orczyk 2000). The work presented here showed that EHA105 
was able to successfully transform maize and deliver the CBF gene construct. It is 
confirmed that the hypervirulent Agrobacterium strains EHA101 and EHA105 are 
effective in developing efficient maize transformation protocols agreeing with 
previous studies (Hood et al. 1986; Frame et al. 2002; Ombori et al. 2013). 
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5.6.3 Regeneration, rooting and production of transformed maize plants 
Transformed Syrian genotypes were successfully regenerated in this study. The 
frequency of regeneration of Syrian varieties Gh.1 and Gh.82 (56.5-61.5)% was 
higher than the regeneration frequency of hybrids B.1 and B.2 (11.5- 23.8)% using 
both strains of Agrobacterium EHA101/pTF102 and EHA105/PpCBF1 respectively 
(Table 5. 11). The positive control hybrid line Hi II showed the highest frequency of 
regeneration 77.9%. These results confirm that a genotype dependency for potential 
regeneration following transformation by Agrobacterium agreeing with the literature 
(Hensel et al. 2009; Frame et al. 2011). It appears that cereal crops are hardly able 
to regenerate plants from leaf tissue but in contrast using immature embryo explants 
as the gene transfer target has proven both the transformation and regeneration 
efficiency in cereals (Shrawat and Lörz 2006). 
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5.7 Conclusion 
In an effort to develop the transformation protocol of maize (Zea mays) for a 
wider choice of germplasm, a routine and efficient protocol was established and 
developed for the production of transgenic maize plants using an Agrobacterium 
tumefaciens standard binary vector system. The present study was focused on the 
transformation technique of immature zygotic embryos of the hybrid line Hi II which is 
widely reported in the literature and then translated to diverse genotypes of Syrian 
maize compared.  
The effects of A. tumefaciens strains, genotypes and embryo size on 
transformation efficiency were investigated and it was shown that embryo size and 
source of germplasm are the most significant factors that influence successful callus 
induction following Agrobacterium-mediated genetic transformation of maize.  
Results showed that the response for callus formation of the Syrian hybrids 
(Basil.1 and Basil.2) was greater than for the varieties (Ghota.1 and Ghota.82). 
There were significant differences within treatments according to immature embryo 
size with the 1.5 to 2.0mm embryo size giving the best response with up to 70% 
callus induction. Most of  immature embryos size <1.5 mm did not develop callus 
very well and embryo death after 3 days of co-cultivation on fresh media containing 
high concentration of cysteine (300 mgL-1) was common. The response of larger IEs,        
>2.00mm, was lower than the response of the small and mid-size IEs <1.5 and 1.5 - 
2.00mm, and most of these IEs produced shoots. 
Different genotypes required different numbers of sub-cultures of callus to 
produce the friable embryogenic Type II callus, a discovery only found out by 
empirical persistent sub-culturing. However, depending on the genotype, different 
callus types were identified for selection after 2-3 subcultures for hybrids and 3-4 
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subcultures for varieties. This tissue culture system was the first step to facilitate 
Agrobacterium-mediated maize transformation. The rate of recovery of 
bialaphos/kanamycin-resistant clones from Type II callus was affected by both maize 
genotype and Agrobacterium strain used in the transformation. Both strains of 
Agrobacterium EHA101 and EHA105 used in this study were capable of inducing 
transformation in Hi II and in immature embryos of Syrian maize genotypes. 
Agrobacterium strain EHA101 showed a higher transformation frequency compared 
to the Agrobacterium strain EHA105. The Agrobacterium strain EHA101 should be 
preferred over other Agrobacterium strains in future genetic transformation 
experiments in Syrian maize. The transformation frequency of Syrian varieties was 
higher than the transformation frequency of hybrids with a higher capability of 
regeneration. Syrian varieties have combined the amenability to gene transfer by 
Agrobacterium with adequate regeneration potential. Reproducible and efficient 
generation of transgenic maize plants has been achieved by the Agrobacterium-
mediated maize transformation. 
To the best of knowledge, this research marks the first report of a reproducible 
method for Syrian maize transformation using an A. tumefaciens standard binary 
vector system and establishes a protocol that can be routinely applied in Syrian plant 
breeding programmes.  
 
 
 
 
  
 
 
 
 
Chapter 6:  
Molecular analysis and histochemical GUS assays of 
abiotic stress-resistant maize plants transformed by 
Agrobacterium 
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6.1 Introduction 
The molecular basis of genetic transformation via Agrobacterium-mediated 
transformation of plant cells is the transfer of a copy of a region of a large tumour-
inducing (Ti) plasmid containing the gene of interest from the bacterium into the plant 
nuclear genome. Inserted genes can be expressed transiently or constitutively in 
transgenic plants where the functional role of the gene in the plant genome is 
expressed. Most gene transfer is accompanied by the insertion of a marker gene that 
is either constitutively expressed or co-expressed with the gene of interest and a 
commonly used marker gene is GUS. The integration of the gene of interest can be 
evaluated by the histochemical GUS assay often followed by molecular analysis after 
polymerase chain reaction (PCR) amplification of selected portions of genomic DNA. 
For purposes of maize plant genetic transformation, gene of interest with selectable 
marker gene and reporter gene containing in the T-DNAs of Agrobacterium plasmid 
were introduced into plant genome with the capacity to encode multiple gene 
products in a biosynthetic pathway. Different strains of A. tumefaciens could be used 
to deliver different T-DNAs to the same plant cells (Neve et al. 1997; De Buck et al. 
2000; Zhi et al. 2015). However, by using a binary vector, very large DNA segments 
(150-200kbp) can be introduced into the maize genome via Agrobacterium-mediated 
transformation (Miranda et al. 1992; Hamilton et al. 1996).  
In this study, transformation efficiency of two different Agrobacterium strains carrying 
different T-DNAs (selectable marker gene bar and a reporter gene gus) was studied. 
Delivery of those genes including the anti-stress gene CBF to the plant cells was 
confirmed by molecular analysis and the histochemical assay of GUS expression in 
transgenic calli, leaves, roots, silks and tassels of transgenic plants. Many studies 
confirm the efficiency of transformation mediated by the Agrobacterium using the 
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GUS assays and polymerase chain reaction (PCR) using specific primers for the 
selection gene (Crow et al. 2006; Nott et al. 2011; Gallagher 2012).   
6.2 Aims and objectives 
The main aim of this study was to confirm the gene transformation process to R0 
transgenic maize plants using the histochemical GUS assay and polymerase chain 
reaction (PCR). Furthermore, to investigate the insertion and integration of specific 
DNA fragments in the transgenic genome of R1 progeny of transformed plants by the 
GUS assay and a glufosinate herbicide leaf-spray test. More specifically the 
objectives were: 
- To confirm the presence of the bar gene and the CBF gene in the both 
Agrobacterium tumefaciens strains EHA101 and EHA105 containing DNA 
plasmid constructs (pTF102 and PpCBF1) respectively used in this study.   
- To confirm the stable expression of bar and CBF transgenes in transformed 
maize plants by PCR amplification, and by presence/absence experiments using 
TagMan reagents. 
- To estimate the copy number of transgenes in the transgenic genome(s). 
6.3 Materials and methods 
6.3.1 Plant materials 
R0 transgenic callus leaves and roots of transformed (surviving selective screen) 
and non-transformed maize plants were initially used for molecular analysis and 
histochemical GUS assay. In addition, anthers of R1 progeny of transformed and 
non-transformed plants were used in this analysis. Immature zygotic embryos of F2 
non-transformed maize plants that inoculated with the Agrobacterium inoculum were 
also stained using the histochemical GUS assay.   
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6.4 Molecular analysis techniques and methodology 
6.4.1 Genomic DNA extraction from maize callus and leaf tissue 
For the transformation events generated using the CBF and bar gene construct, 
genomic DNA was extracted from callus and young leaves of plants based on the 
methods of Sambrook et al. (1989) and Bruce and Eric ((1993) cited by Birren and 
Lai (2012)) using PCR and qRT-PCR. Leaf samples and callus pieces were collected 
from transformed and non-transformed plant materials simultaneously. For each 
event, after 3 to 4 sub-cultures on media containing a suitable antibiotic or bialaphos 
as a selection agent, samples of surviving callus were selected and ground 
immediately in liquid nitrogen using a pestle and mortar. The powder of samples was 
stored at -20°C after the complete evaporation of the liquid nitrogen for immediate 
use. Also leaf samples were detached from transformed and non-transformed plants 
and placed immediately in liquid nitrogen, then ground into a fine powder using a 
pestle and mortar in liquid nitrogen. After that, aliquots of 100 mg of fine tissue 
powder for each sample were weighed when the liquid nitrogen evaporated 
completely. Samples were transferred to 1.5 mL RNase and DNase free 
microcentrifuge tubes (Cat. No. T9661. Sigma Aldrich. UK), and stored at -80°C to 
prevent DNA degradation before the DNA isolation to be used in PCR amplification.  
For both the callus and leaf tissue of transgenic and non-transgenic events, the 
total genomic DNA for molecular analysis was extracted from the sample powder 
using a Genelute Plant Genomic DNA Miniprep kit (Cat. No. G2N70. Sigma Aldrich. 
UK) based on the methods of Sambrook and Russell David  (1989), and Birren and 
Lia, (1993) cited by the manufacturers of the extraction kit (Sigma). In accordance 
with the protocol provided by the kit manufacturer, 100 mg of the powder was 
transferred to a 1.5 mL microcentrifuge tube on ice and 350 μL lysis solution (part A), 
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and 50 μL of lysis solution (part B) were added to the tube to lyse the cells. To 
dissolve any precipitate, the mixture was incubated at 65oC for 10 minutes. Then, 
130 μL of precipitation solution was added to the mixture to precipitate the cellular 
debris, proteins and polysaccharides followed by centrifugation of the mixture at 
maximum speed (12 000-16 000 xg) for 5 to 7 minutes. A further purification was 
carried by filtration of the supernatant using a GenElute filtration column with a 2 mL 
collection tube provided by the kit. Then, the supernatant was centrifuged at 
maximum speed for 1 minute to remove any cellular debris that had not been 
removed before. Binding of the genomic DNA was done by adding 700 μL of binding 
solution directly to the filtered flow- through liquid using the GenElute Miniprep 
Binding column. After that, the binding column was washed twice by adding 500 μL 
of the diluted wash solution to the column for each wash. Pure genomic DNA was 
collected in a 2 mL collection tube by adding 100 μL of pre-warmed (65°C) Elution 
solution to the binding column and centrifuged at maximum speed for 1 minute as 
outlined in the preparation instructions of the kit. The elution process was repeated 
with 50 μL MW, and the column was prevented from contacting the flow-through. 
Genomic DNA was stored at -20°C for long-term storage or for short-term storage of 
DNA, 2-8°C is recommended. To avoid freezing and thawing which causes breaks in 
the DNA strand, small aliquots of DNA were stored at -20°C.     
6.4.2 Determination the quality and quantity of genomic DNA 
The purity and concentration of the genomic DNA extracted from the plant 
tissues was measured using a computerized Nano-Drop spectrophotometer (Lab 
Tech, UK). The Nano-drop spectrophotometer was calibrated with aliquots of a 2 μL 
buffer using the Elution solution or molecular water depending on the buffer that was 
used in the extraction the DNA. Then, concentrations of a 2 μL of nucleic acid DNA 
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samples were measured and the ratio of DNA/protein (A260nm/A280nm) and the ratio 
of DNA/other contaminants were measured at A260nm/A230nm. Duplicate 
measurements were taken for each sample, and the concentration of extracted 
genomic DNA was recorded in ng μL-1. The ratio of pure DNA should be in the range 
between 1.8 and 2.05 (Brown 2010) (Figures 1, 2 and 3, Appendix 2). In addition, the 
DNA quality was checked further by running samples of the extracted DNA into 
agarose gel electrophoresis, before the amplification of the DNA by PCR. The 
purified DNA samples were electrophoresed and images were captured after 
electrophoresis using UV gel documentation system Bio Rad universal Hood II (Gel-
Doc XR: 170- 8170), or EC3 Imaging System from UVP as described in section 
(DNA agarose gel electrophoresis).  
6.4.3 Measuring the DNA concentration using the Qubit® Fluorometer  
To determine the purity and quantity of genomic DNA samples, the Qubit® 
dsDNA BR Assay Kit (ThermoFisher Scientific, Life Technologies. Cat. No. Q32850) 
was used with the Qubit® 2.0 Fluorometer according to the manufacturer instructions  
(Xiong et al. 2013). The assay was performed at room temperature using the Qubit® 
Fluorometer to establish the concentration measurements of 2 µL of the genomic 
DNA.  These measurements are a much better indication of sample purity than that 
produced by measuring the A260/A280 ratio spectrophotometrically. The Qubit 
reagent was diluted 1:200 using the buffer provided to prepare the Qubit working 
solution. The standard solutions were prepared by adding 10 µL of each Qubit 
standard (Qubit® dsDNA BR Standard #1 and Standard #2) to the appropriate tube 
of 190 μL of Qubit® working solution, and mixed by vortexing for 2–3 seconds.  Then, 
2 µL of each sample was added to the 198 µL of the Qubit working solution and 
mixed in Qubit assay tubes (Life Technologies Cat. No. Q32856) and incubated at 
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room temperature for 2 minutes. The final volume in each tube must be 200 μL. After 
that, values of the genomic DNA concentration were read using the Qubit® 2.0 
Fluorometer.  The Qubit assay is highly selective for double stranded DNA (dsDNA), 
and based on target-specific fluorescent dyes, this assay offer accurate DNA 
quantification values, even when samples contain common contaminants such as 
salts, free nucleotides, detergents, solvents or protein which are well tolerated in this 
assay (Couto et al. 2010; Bundo et al. 2012). 
 
6.4.4 Conventional polymerase chain reaction PCR amplification 
6.4.4.1 Primers and probes design 
The full length sequences of complementary DNA (cDNA) of the genes of 
interest (CBF and bar genes), and the GUS gene were identified using GenBank 
submission tools by the GenBank accession number for the interest genes. An 
appropriate primer in terms of sequence, number of nucleotides and melting 
temperature for each gene was designed using the primer- BLAST software of the 
National Centre of Biotechnology Institute (NCBI). The annealing temperature of the 
primers that were used was between 60 and 65°C, and the primers designed to 
produce amplicons of sizes 150-500 bp to determine the correct amplicon size of 
genes inserted in the plant genome.  
Probes and primers for RT-PCR amplification were designed using the Primer 
Express Software v3.0. The GC content % and the length of sequence were 
considered during the design. The annealing temperature of primers designed was 
between 56 and 61°C, and the annealing temperature of probes ranged between 
48°C and 58°C. The primers and probes were commercially synthesised by 
oligonucleotide synthesis (Eurofins MWG Operon). Lyophilized primers were 
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dissolved in appropriate volumes of molecular biology grade water (MBW) to prepare 
10 pmol μ-1. Then, aliquots of probes and 200 μL of primers concentrated 10 pmol 
μL-1 were stored at -20°C.  
6.4.4.2 Polymerase Chain Reaction PCR amplification of genomic DNA  
Integration of T-DNA, carrying the marker gene (bar or NPtII ) or the CBF gene, 
in the genomes of transgenic maize plants was assessed through PCR analysis of 
total isolated DNA (Mamontova et al. 2010) using primers of the selection gene 
(antibiotic resistance). Amplicons of the genes of interest were amplified using 
genomic DNA extracted and prepared in the manner described in the section 
“Genomic DNA extraction”. Forward and reverse gene-specific primers designed 
using the Primer-Blast software were used to verify CBF, gus and bar gene as follow:  
CBF-85f,    5’ ATGGTCATGGACATGATCTTCG 3', and  
CBF-557r,  5’ AGCTAAGCATTGGGGTGGAGAAAG 3'. 
 
bar-f 5' TCTACACCCACCTGCTGAAGTC 3', and 
bar-r 5' AAACCCACGTCATGCCAGTTCC 3'. 
 
GUS-f 5' CAACGTCTGCTATCAGCGCGAAGT 3', and 
GUS-r 5' TATCCGGTTCGTTGGCAATACTCC 3'.  
 
Genomic DNA was used as template DNA for the PCR detection system. The 
reaction components were prepared using DNase free PCR tubes (200 μL) as 
follows: 
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The master mix consisted of: 
 
 Template DNA                                                                                             2 μL 
 Red-Taq PCR reaction buffer (1 ×), (Sigma: Cat. No. D 4309)                2.5 μL      
 dNTPs (Deoxynucleotide Mix) (200 μM ), (Sigma: Cat.No.D7295)             1 μL 
 Forward primer (10 μM)                                                                               1 μL 
 Reverse primer (10 μM)                                                                               1 μL 
 Red-Taq DNA polymerase (0.05 U μL-1)                                                 1.25 μL 
 M.H20                                                                                                    16.25 μL 
           -------------------------------------------------------------------------------------------- 
        Total                                                                                              25 μL 
The contents of the master mix were mixed thoroughly by pipetting, and 
centrifuged briefly to collect the mixture at the bottom of the tubes. Then the reaction 
components of master mix 25 μL were added respectively for individual reaction. 
PCR controls were set using molecular water and non-transgenic DNA as a negative 
control instead of transformed genomic DNA. Standard PCR reactions were run 
using the Master Cycler Gradient (Eppendorf, Hamburg, Germany) under the 
following conditions of thermal cycle; initial denaturation at 94°C for 2 min followed 
by 40 cycles of (denaturation at 94°C for 30 s, annealing at 60°C for 1 min, and 
extension at 72°C for 30 s), and a final extension at 72°C for 7 minutes followed by a 
hold of samples at 4°C until collected.   
Samples of PCR products were mixed with loading buffer and run into 0.8% 
agarose gels in TAE buffer along with a 100 bp ladder, after which the gel was 
examined in a gel documentation system using SYBR safe dye under UV 
transillumination light under a  Bio Rad universal Hood II (Gel-Doc XR: 170-8170) to 
detect the relative bands. DNA bands were visualized and band images were 
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captured to determine the correct amplicon. Band intensities proportions and 
locations were compared with the positive sample (Agrobacterium plasmid) and 
negative sample (control, non–transformed genomic DNA). 
6.4.5 DNA agarose gel electrophoresis 
 The agarose gel electrophoresis was used to investigate the quality and quantity 
of genomic DNA of transformed and non-transformed events. Gel electrophoresis 
was conducted using 0.8% (w/v) agarose gels prepared by dissolving 0.4 g of 
agarose (Molecular biology grade, DNase and RNase free, Melford-Chemical and 
Biochemical manufacturer, cat# MB 1200) in 50 ml of TAE buffer (1×) (Tris-Acetate + 
EDTA, Invitrogen cat# 15558-026) (Appendix 2) in a 250 ml conical flask using a 
microwave on mid power for 2-3 minutes until the agarose completely dissolved. 
Then, 3 μL of SYBR safe dye (Fisher Scientific, UK. cat # VXS33102) was added to 
the molten agarose solution once the solution became cooler (50°C) and mixed well 
to make a homogeneous mixture. The molten agarose was poured into an end taped 
tray with an inserted comb, and allowed to solidify at the room temperature. After 20- 
30 minutes the set gel was placed into an electrophoresis tank (Pharmacia GNA100, 
UK) and submerged with 350 mL of (1×) TAE buffer. DNA samples were prepared by 
mixing 10 μL of each sample with 3 μL of DNA loading buffer. Samples were loaded 
into the gel‘s wells. Five μL of the molecular weight markers of 100 bp (Fisher 
Scientific, Cat. BP2571-100) was loaded in the first well as a reference ladder to 
estimate the size of the DNA product. The gel was run at 70 V until the dye front 
reached the end of gel and then the DNA was visualized using a UV transilluminator 
(390 nm) and photographed with the gel documentation system Bio- Rad universal 
Hood II (Gel-Doc XR: 170- 8170) (Bio-Rad, UK) (Appendix 2). 
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6.4.6 Purification of the genomic DNA (PCR products)  
PCR products of the genomic DNA extracted from transgenic clones were 
purified directly from an amplification reaction using the Wizard SV Gel and PCR 
Clean-Up System kit. PCR products were purified using the membrane-based 
system which removed excess nucleotides and primers, and allowed recovery of 
PCR products up to 95% as described by the manufacturer and by following the 
following steps, (given in brief): 
Preparation of PCR products 
1. An equal volume of Membrane Binding Solution was added to the sample of 
PCR amplification.  
Binding of DNA  
2. SV Minicolumn was inserted into the Collection Tube. 
3. Prepared PCR product was transferred to the Minicolumn assembly. Then, 
the Minicolumn containing the sample was incubated at the room temperature 
for 1 minute. 
4. Samples were centrifuged at 16,000 × g for 1 minute. Flow-through liquid was 
discarded and the Minicolumn was reinserted into a new collection tube. 
Washing 
5. 700 µL of Membrane Wash Solution (80% ethanol) was added to the samples. 
Flowthrough discarded after centrifugation at 16,000 × g for 1 minute. Then, 
Minicolumns were reinserted into the collection tube. 
6. Washing was repeated with 500 µL Membrane Wash Solution by 
centrifugation at 16,000 × g for 5 minutes. 
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7. Flowthrough liquid was discarded from the collection tube and the column 
assembly recentrifuged for 1 minute using the microcentrifuge with the tube lid 
open (or off) to allow evaporation of any residual ethanol. 
Elution of genomic DNA 
8. Carefully Minicolumns transferred to a clean 1.5 mL microcentrifuge tube. 50 
µL of Nuclease-free water (Molecular biology water) was added to the 
Minicolumn. Samples were incubated at room temperature for 1 minute, and 
centrifuged at 16,000 × g for 1 minute.  
9. Purified DNA eluted by centrifugation was stored at -20°C. Both the purity and 
quantity of DNA products were measured using a Nano-drop 
spectrophotometer (Lab Tech, UK).   
This procedure describes the purification of specific DNA fragments employing 
the Wizard SV Gel and PCR CleanUp System from Promega (Zimmermann et al. 
1998) cited by Promega. Com, and (Grundemann and Schomig 1996). Purified DNA 
can be used for automated fluorescent DNA sequencing without further manipulation 
in order to classify of genomic DNA transferred into the plant genome (Tan et al. 
2013).  
6.4.7 Sequencing of PCR products 
The DNA sequencing of PCR products was performed by the genome analysis 
of plant genomic DNA to confirm the transient gene in transgenic plants. Purified 
PCR products (20 μL) at a concentration of 10-20 ngμL-1 and 2 μL primers (forward 
and reverse 10 pmol μL-1 each) were placed separately in 1.5 mL Eppendorf tubes 
and sent to the BioScience Innovation Centre (LBIC), (GATC Biotech, UK) for 
sequencing. The partial sequencing results obtained via the GATC Biotech website 
(www.gatc-biotech.com/en/index.html) were matched to those standard Nucleotide 
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BLAST sequences in available databases using the Basic Local Alignment Search 
Tool (BLAST, GeneBank) services (www.blast.ncbi.nlm.nih.gov/Blast.cgi) to 
determine the phylogenetic relationships. 
6.4.8 Quantitative Real-Time PCR (qRT-PCR) analysis 
The StepOne and StepOnePlus systems use fluorescent-based PCR reagents to 
provide quantitative detection of target nucleic acid sequences (targets) using real-
time analysis. Quantitative real-time PCR (qRT-PCR) was adopted for further 
confirmation of gene integration into transgenic genomes and to estimate the 
integrated transgene copy number in transgenic genomes of maize plants generated 
using the two different plasmid vector constructs. 
The quantitative PCR (qRT-PCR) amplification was performed in 96-well 
reaction plates on the StepOnePlus™ Real-Time PCR systems (Applied 
Biosystems), in a 25 μL final volume, according to manufacturer’s instructions 
(TaqMan probe, Life Technologies Ltd, UK). Probes and gene-specific primers were 
designed using the Primer Express Software v3.0 (Table 6. 1). Primers and probes 
used for the endogenous single copy gene “chi” were as reported by Dalla Costa et 
al. (2009). 
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Table 6. 1: Probes and primers sequences, length and annealing temperature, which 
designed and used in this study. 
  Target gene Sequences (5'- 3'), length Tm °C 
CBF- f CGTCGAGCAGTCCGAAGAA (19) 58.8 
CBF- r ACCGGGTGCCTCGTCTCT (18) 60.5 
Chi- f CATCGGCAAGCATGGTGTT (19) 56.7 
Chi- r TCCGATAATCTTGCTGCCAAA (21) 55.9 
bar- f CGTCAACCACTACATCGAGACAA (23) 60.6 
bar- r GTCCACTCCTGCGGTTCCT (19) 61.0 
CBF Probe CGGGAAGGAAGGTTT (15) 47.8 
Chi Probe CCTGAAGCGAAGAAGA (16) 49.2 
bar Probe ACTTCCGTACCGAGCCG (17) 57.6 
 
6.4.8.1 Prepare reaction mixes (Master Mix) 
Each plate contained samples of CBF, chi and bar gene along with the negative 
controls of each gene. 21 x 25 μL of chi reaction mixture was prepared. 18 x 25 
μLreaction mixes were prepared as well for the CBF gene and another for the bar 
gene (including samples and controls). For 25 μL of master mix, the following 
reagents were combined in a clean 1.5 mL Eppendorf tube, and reaction 
components added respectively, to the each reaction well as below: 
Master Mix components: 
                                                                              X1                x21                 x18           
 TaqMan Universal MasterMix                12.5 μL          262.5 μL          225 μL  
 Forward primer (10 μM)                              1 μL               21 μL            18 μL 
 Reverse primer (10 μM)                              1 μL               21 μL            18 μL 
 Probe                                                          1 μL                21 μL            18 μL 
 M.H20                                                      7.5 μL           157.5 μL          135 μL 
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The master mix was multiplied up for the required volume. All reaction mixes were 
mixed by vortex and stored on the ice before proceeding further.  
6.4.8.2 Prepare DNA standards 
A standard curve is needed for each primer/probe set for each gene. The 
concentrations of genomic DNA were measured using the Qubit® Fluorometer. One 
aliquot of genomic DNA was thawed in an Eppendorf tube as a known- concentration 
stock S0. After that, a standard DNA dilution series was made by adding 45 μL of 
molecular water to 5 Eppendorf tubes labelled S1, S2, S3, S4 and S5. Then, 5 μL of 
stock DNA (transgenic DNA) was added to the tube S1, mixed well to produce 50 μL 
of the first sample (10-1 concentration). After that, 5 μL of S1 was added to the tube 
S2 and mixed well to produce dilution of 10-2 of the stock. By the same way, all the 
dilutions were performed. Furthermore, a serial dilution of non-transgenic DNA was 
made using a stock of non-transgenic DNA to use as a control. 
6.4.8.3 Run the reaction 
Tenfold dilutions of the target sample were prepared in triplicate of 25 μL using 
the MicroAmp® optical 96 well reaction plate that covered with adhesive film 
(Applied Biosystems, USA). Quantitative PCR was performed in the StepOne™ Plus 
real-time PCR system (ABI Applied Biosystems, USA). The thermal PCR conditions 
were included denaturation for 2 minutes at 94ºC, followed by 40 cycles of 
(denaturation at 94°C for 30 sec, primer-specific annealing temperature at 60 or 
62°C for 1 min, and extension stage at 72°C for 30 sec), and a final extension at 
72°C for 7 minutes.  
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To detect the quantity of target gene among the experiments, the slopes of the 
standard curves were determined by performing a linear regression test with 
StepOne™ software version 2.3 (Applied Bio-systems).  
6.5 Histochemical GUS assays 
β-Glucuronidases (GUS) are histochemically and fluorometrically detectable 
enzymes that hydrolyze the glycosidic bond between the glucuronic acid and other 
molecules of endogenous and exogenous compounds in the living organisms. 
In plant molecular biology, the GUS gene is used as a reporter gene to study gene 
regulation in transformed plants, and its activity can be detected histochemically 
allowing the assessment of gene activity in transgenic plants (Jefferson 1989; 
Gallagher 2012). 
The histochemical GUS assay (Jefferson 1987; Wilson et al. 1995) was used to 
screen for reporter gene expression in the herbicide screen survivors (herbicide 
resistant) derived from immature embryos treated with the construct pTF102. This 
assay was carried out on most of the bialaphos-resistant putative transgenic calli 
recovered from the selection of genotypes. Various parts of transformed plants and 
control plants of R0 progeny underwent screening. Stem, leaf and root were cut from 
both transformed and non-transformed plants and submerged in the GUS reaction 
mixture as described by Jefferson (1987) protocol with some modification according 
the following procedures: 
1. Firstly, GUS buffer solutions (staining solutions) were prepared containing x- 
Gluc and another solution without X-Gluc (Appendix 2).  
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2. Samples were placed on the ice for 30 minutes followed by samples washing 
with 1x- Phosphate buffer for 20 - 30 minutes on cold-ice with a change of 
buffer 2 times.  
3. Samples were washed with distilled water. Then, plant tissues were washed 
in the GUS buffer without X-Gluc. 
4. Samples were next immersed in staining solution buffer with X-Gluc, and 
subjected to vacuum infiltration for two to three minutes using Microfuge tubes 
which work well to immerse of small tissue samples, but for larger tissue 
samples, 24-well plates were used. 
5. Samples were incubated in the GUS solution with X-Gluc overnight at 37oC 
and at room temperature in darkness to develop the blue colour of product. 
6. Staining solution (GUS solution) was discarded and tissues were rinsed with 
distilled water, and then washed with several changes of 50% ethanol (EtOH). 
Samples were incubated approximately 12 hours between each 50% EtOH 
change until the tissues became clear from chlorophyll. After that, samples 
were checked for GUS staining activity. 
6.6 Stable GUS expression in the R1 progeny 
Furthermore, histochemical staining of GUS activity was performed on leaf 
pieces and other parts of plant organs such as tassels and silks of R1 progeny of 
transformed plants and control plants to confirm expression of the GUS transgene in 
offspring of studied germplasms. 
Leaves from PCR positive transgenic plants were cut radially and washed with 
several changes of ice-cold distilled water. The tissue was washed in staining 
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solution buffer without X-Gluc. After that, tissues were incubated with X-Gluc 
according the general procedures. 
6.7 Stable bar gene expression in transgenic plants of R1 progeny 
 To confirm that the bar gene is expressed in the R1 progeny of transgenic plants, 
14-30 days after being transplanted into the soil, plants were sprayed with different 
concentrations of bialaphos (glufosinate) solution  at concentrations of 150, 250 and 
350 mgL-1. A glufosinate leaf-spray test (Brettschneider et al. 1997) was carried out 
three to five times at 1 to 2 day intervals using the bialaphos solutions. Bialaphos 
solutions were prepared from the glufosinate-ammonium/Phosphinothricin herbicide 
(Sigma Aldrich- UK, CN. 45520) containing drops of 0.1% Tween. Plants were 
scored for herbicide resistance 2, 3, 4 and 5 days after spraying the plants, 
bialaphos-resistant plants were obvious as they retained normal leaf colour whilst the 
susceptible plants showed leaf bleaching.   
6.8 Statistical analysis  
All the numerical data were analysed using Minitab v.16 statistical software. 
Balanced analysis of variances (ANOVA) and one way analysis of variance were 
used for data analysis.  
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6.9 Results 
6.9.1 Analysis of stable events 
Histochemical GUS assays of R0 progeny  
The histochemical GUS assays were carried out on bialaphos-resistant callus to 
confirm the transgene into the transformed plants. Three different protocols of the 
GUS histochemical staining with X-Gluc (Table 6. 2) were carried out using 
transformed and non-transformed calli induced from immature embryos mediated by 
A. tumefaciens with the GUS reporter gene. Samples were incubated in the GUS 
solution with X-Gluc overnight at room temperature, and at 37oC in the dark. Then, 
plants tissues were visualized and the blue colour was histochemically detected.  
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Table 6. 2: Details of the different protocols used in this study of GUS assay using 
histochemical staining with X-Gluc. 
Protocol Ingredients 
Concentrations 
         Stock           Want       Per 10 ml final volume                          
Protocol, 
1 
a. H
2
O   7100.0 μL 
b. Sodium Phosphate 
buffer*  
      pH 7.0 
 - NaH2PO4 
 - Na2HPO4 
1.0M 
 
0.1M 2000.0μL 
 
[380.0 μL+ 
620.0 μL] 
c. NaEDTA 0.5M 10.0mM 200.0 μL 
d. Triton X-100 10% 0.1% 100.0μL 
e. K
3
Fe(CN)
6   
    Potassium ferricyanide        
50mM 1.0 mM 200.0μL 
f. K4Fe(CN)6 
    Potassium ferrocyanide          
50mM 1.0 mM 200.0μL 
g. X-Gluc                                0.1M 2.0mM 200.0μL 
 
Ingredients 
Concentrations 
         Stock          Want       Per 10 ml final volume                          
Protocol, 
2 
a. H
2
O   8300.0 μL 
b. Sodium Phosphate   
buffer pH 7.0 
 - NaH2PO4 
1.0M  
                   
0.1M                                      1000.0μL 
 
c. NaEDTA 0.5M                                10.0mM                           200.0 μL
d. Triton X-100 10% 0.1%                                       100.0μL 
e. K
3
Fe(CN)
6  
     Potassium ferricyanide        
50mM 1.0 mM                                    200.0μL
f. X-Gluc                                0.1M                                  2.0mM                             200.0μL 
 
Ingredients 
Concentrations 
         Stock          Want       Per 10 ml final volume                          
Protocol, 
3 
a. H
2
O   7500.0 μL 
b. Sodium Phosphate        
buffer pH 7.0 
 - NaH2PO4 
 - Na2HPO4 
1.0M  
                   
0.1M                                      2000.0μL 
[1000.0 μL+ 
1000.0 μL] 
 
c. NaEDTA 0.5M                                10.0mM                           200.0 μL
d. Triton X-100 10% 0.1%                                       100.0μL 
e. X-Gluc                                0.1M                                  2.0mM                             200.0μL
*sodium phosphate buffer was prepared and considered as 2x- buffer stock.  
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Results were scored as the number of GUS-positive staining events of calli 
among the total number of callus immersed in the staining solution, %. Results 
showed highly significant differences between protocols used in this study (p< 0.001).  
Protocol 2 scored the highest percentage of GUS-positive staining events in both 
treatments (at room temperature and 37oC) (Plate 6.1). While transformed calli 
scored GUS-positive staining of the GUS gene expression in bialaphos-resistant 
callus (Plate 6. 2. a) the control (non-transformed callus) expressed no GUS staining 
activity (Plate 6. 2. b).  
The transfer of gus gene to immature somatic embryos infected with A. 
tumefaciens carrying pTF102 plasmid containing a gus reporter gene was also 
investigated by the histochemical GUS assay after 3-4 days of co-cultivation on 
medium containing 300 mgL-1 Cys (Plate 6. 3. a). Transient gus gene expression and 
distribution of blue foci in putative transformed callus type I induced from Syrian 
maize immature zygotic embryos infected with Agrobacterium EHA101, was also 
investigated after 7-10 days of callus induction on callus induction medium (Plate 6. 
3. b). Results were obtained using protocol 2 by incubation of plant tissues in the 
GUS solution with X-Gluc for up to 12 hours at 37oC. There were no significant 
differences between the incubation at 37oC or at the room temperature in the dark as 
results showed in this study (p= 0.761).  
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Plate 6.1: Analysis of transgenic materials by different protocols of GUS 
histochemical staining in transgenic maize callus events infected with the 
Agrobacterium tumefaciens EHA101 transformed with pTF102 construct. 1a, shows 
histochemical analysis of GUS reporter gene expression in maize calli and leaves of 
R0 progeny at 37oC in the dark. 1b, shows the GUS histochemical staining in 
transgenic maize callus events of Syrian genotypes using three different protocols of 
the GUS assay at room temperature. The non-transgenic control was labelled as NTC. 
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Plate 6. 2: Histochemical GUS staining of 2 independent callus events. 2a, transgenic 
callus expressing GUS reporter gene (GUS-positive staining). 2b, shows a non-
transgenic control calli stained for GUS expression (GUS-negative staining for the 
gus gene activity). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3mm 3mm 
Chapter 6  
221 
 
 
 
 
Plate 6. 3: Transient expression of the gus gene after co-infection with A. tumefaciens 
strain EHA101 containing pTF102.  3a, shows GUS histochemical staining in maize 
embryos after 3- 4 days of infection with Agrobacterium. 3b, transient expression of 
the gus gene in maize calli induced after 7 to 10 days of Agrobacterium infection.  
On the other hand, results indicated that vacuum infiltration positively affected 
leaf staining. There were highly significant differences between treatments regarding 
the vacuum filtrations of leaf samples (p< 0.001). Leaves samples that exposed to 
infiltration of GUS staining solution for three minutes using a vacuum showed 
positive results of tissue staining with X-Gluc (Plate 6. 4. a) but negative results were 
registered for plant leaf tissues not subjected to vacuum infiltration (Plate 6. 4. b).  
However, the infiltration of GUS solution during staining was not necessary for callus 
Molecular and histochemical analysis of transgenic maize plants 
 
222 
 
staining and no significant differences were found for callus treatment with the 
vacuum.  
 
Plate 6. 4: Expression of transient gus gene in leaves of R0 plants. 4a, showing the 
positive expression of the reporter gene in leaves subjected to a vacuum infiltration. 
4b, shows the GUS-negative staining of leaves without vacuum infiltration. 4c, 
represents the non-transgenic control. Scale bar: 3.0mm.    
 
A further investigation of transient gus reporter gene was carried out using the 
transformed roots of R0 progeny to confirm the transformation efficiency. Results 
confirmed that transgenic plants were GUS-expressing plants, while non-
transformed plants were non-expressing (Plate 6. 5).  
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Plate 6. 5: Distribution of blue foci (transient gus gene expression) in shoots of R0 
transgenic maize plants infected with A. tumefaciens standard binary vector system, 
pTF102. 5a, shows the blue staining in transgenic roots expressing GUS reporter 
gene. 5b, shows non-transgenic control roots stained for the GUS expression. Scale 
bar= 3.0mm.    
 
6.9.2 Confirmation of transgene integration in R1 generation of 
transformed maize plants 
To confirm the stable GUS expression in R1 progenies of putative transgenic 
plants, further investigations of transient and stable GUS expression in the R1 
progeny of transgenic plants were conducted by histochemical GUS analysis. Leaf 
tissues and male and female flowers of transformed and non-transformed plants of 
R1 progeny were tested to confirm expression of the gus transgene in progenies of 
the studied germplasms. Samples were submerged in the GUS substrate according 
to the general protocol of GUS staining assay using X-Gluc, vacuum infiltrated for 2 - 
3 min, and incubated at 37°C overnight. Blue staining cells were visualized after 
removing chlorophyll from leaves tissues by soaking tissues in several changes of 50% 
ethanol. Plant tissue pieces were scored as positive or negative for GUS expression.  
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Results confirmed the stable GUS transgene expresion in the leaf cells of R1 
progeny of transformed plants (Plate 6. 6). Moreover, the transient GUS gene 
expression and distribution of blue foci in transformed tassels and silks confirmed the 
stable transformation in R1 generation of transformed maize plants. Non-transformed 
silks and tassels of the control plants were GUS negative (Plates 6. 7 and 6. 8). 
However, all the blue spots of tissues derived from bialaphos-resistant callus, or from 
R0 leaves and roots of transgenic plants (Plate 6. 9), and the tissues of silks and 
tassels of R1 progeny of transgenic plants that were GUS-positive areas confirmed 
the stable of transgene expression referring to an efficient transformation protocol 
with pTF102-plasmid using A. tumefaciens EHA101. In contrast, non-transformed 
callus and control explants tissues were GUS negative (Plate 6. 9).  
Stable bar gene expression in transgenic plants of R1 progeny was confirmed by 
the bialaphos (glufosinate) leaf-spray test through screening R1 progenies (section: 
R1 progeny screening for the bar gene expression).   
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Plate 6. 6: Stable expression of the transgene GUS in R1 progeny of transgenic maize 
plants. Transient GUS gene expression and distribution of blue foci in transformed 
leaves, a GUS-positive staining (a), and the GUS-negative staining in leaves of non- 
transformed plants (b). Scale bar= 5.0mm.    
  
 
Plate 6. 7: Stable GUS transgene expression in transgenic male flowers of R1 progeny 
of maize plants infected with the pTF102. Transient GUS gene expression and 
distribution of blue foci in transformed tassels, GUS-positive staining (left), and GUS-
negative staining of non- transformed tassels (right). Scale bar= 3.0mm.     
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Plate 6. 8: Transient and stable GUS transgene expression in transgenic female 
flowers of R1 progeny of maize plants. 8a, shows transient GUS gene expression and 
distribution of blue foci in transformed silks, GUS-positive staining. 8b, shows non-
transformed silks expressed GUS-negative staining of the GUS gene expression.Scale 
bar= 5.0mm.    
 
Plate 6. 9: GUS histochemical staining in transgenic maize callus, leaves and roots 
transformed with pTF102 expressing GUS gene of R0 and R1 progenies. Scale bar= 5.0 
mm.      
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6.9.3 R1 progeny screening for the bar gene expression 
To confirm the stability of the transgene integrated in R1, 3 putative transgenic 
plants of the R1 progeny that derived from GUS- positive R0 progeny were bred in 
the laboratory alongside non-transformed plants as a control. The plants were 
screened for bar gene expression by a bialaphos (glufosinate) leaf-spray test 
(Brettschneider et al. 1997) to identify putative transgenic plants by the stable bar 
gene expression in transgenic plants.  
Results recorded after 5 days of plants spraying with the bialaphos solution 
showed that those which expressed the transgene, stayed green and alive after the 
spraying, whereas non-transgenic plants turned yellow and showed herbicide 
sensitivity and eventually died (Plate 6. 10). The bialaphos-resistant plants that 
expressed positive bar gene expression in R1 progeny also expressed GUS-positive 
activity for both generation R0 and R1.  
The resistance of transgenic plants to bialaphos was different according the 
plant growth stage. Transgenic plants were resistant of 250 mgL-1 bialaphos after 2 
weeks of transplanting in the soil. But, 3-4 weeks after being taken to the soil, 
transgenic plants showed a tolerance of 350 mgL-1 bialaphos. All transgenic plants 
expressing the bar gene and were bialaphos-resistant compared to the non-
transformed plants regardless of the concentrations of bialaphos used at each plant 
growth. The success of transgenic plant growth emphasized the reproducibility and 
efficiency of the protocol used in this study for maize transformation. Moreover, 
Syrian maize genotypes produced transgenic plants emphasizing their reproducibility 
and ability to be efficiently transformed using this protocol.  
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Plate 6. 10: Transgene expression in R1 generation of transgenic maize plants; the 
surviving transgenic plant on the right was a bar-expressing plant (resistant) to 
glufosinate herbicide spray, whereas the non-expressing plant of bar gene on the left 
(sensitive) was dead. 
 
6.9.4 Molecular analysis of transgenic plants using PCR 
To confirm positive results of stable transformation, putative transformation 
events that were GUS positive were further analysed by standard PCR reactions 
with the appropriate primers using 100-300 ng of genomic DNA. Genomic DNA was 
extracted from bialaphos-resistant callus and from ten transformed plants of R0 
progeny, and purity and quantity of the genomic DNA was measured using a Nano-
drop spectrophotometer. Furthermore, the quality of the genomic DNA was checked 
by the agarose gel electrophoresis before the DNA amplification by PCR. The 
extracted genomic DNA was visualized and images were captured after 
electrophoresis using UV gel documentation system (Figure 6. 1). Then, samples of 
the genomic DNA were subjected to the PCR amplification of a 170 bp fragment 
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within the bar coding gene. Results obtained from the gel electrophoresis products 
confirmed the integration of the bar gene in the plant genome of transformed R0 
progeny. PCR products clearly appeared in bands which associated with transgenic 
calli and transgenic DNA derived from transgenic plants (Figure 6. 2).  
Further investigation of stable transformation was carried out on the next 
generation of transgenic plants R1 progenies. Four putative transformed plants of 
varieties and hybrids were identified and the genomic DNA extracted from leaves of 
R1 progeny plants and amplified by conventional PCR using gene-specific primers. 
The PCR products were visualized following gel electrophoresis (Figure 6. 3). 
Results indicated the presence of the bar gene in R1 progenies of Hi II transformed 
plants and in both the Syrian varieties and hybrids.  
 
Figure 6. 1: Quality checking of the extracted genomic DNA visualized by the UV gel 
documentation system after gel electrophoresis without PCR. 
To assess the efficiency of transformation and stable expression of the gus gene 
in transgenic plants, the gus gene was amplified by PCR using 2 μL, (100) ng of 
genomic DNA extracted from putative transformed calli and leaves of transformed 
plants of the R0 and R1 progenies of transformed plants. But the results of DNA 
amplification performed on the R1 progeny of 2 transformed events showed negative 
results even though positive results of bar and cbf gene amplification were obtained 
compared with the control. This result means that the specific-gene primers for the 
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gus gene did not match the gus gene sequence suggesting designing other primers 
that requires different melting temperature (TM) and containing different sequence of 
bases that should be a good mix of all 4 nucleotides with a shorter length of 
sequence (Figure 6. 6). Compared to the negative control of non-transformed plants, 
transformed plants from both transgenic events showed positive results of bar and 
cbf gene amplification suggesting that bands related to stable gene expression in the 
plant genome. Results indicated the integration and presence of the bar gene and 
gus gene in both R0 and R1 progenies of transformed maize plants. 
 
Figure 6. 2: PCR amplification of genomic DNA extracted from R0 progeny of 
transformed events. Detection of DNA fragments containing the bar gene sequences 
of transformed calli (lanes: 2, 5 and 6); lane c, negative control (non-transformed DNA 
of callus). Detection of the bar gene extracted from leaves of the R0 progeny (lanes: 9 
and 10). Lane L, 100 bp ladder; lane 1, positive control pTF102; lanes 7 and 8 non- 
transformed DNA. 
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Figure 6. 3: PCR amplification of the genomic DNA of transformed R1 progenies. Fig. 
3A, detection of DNA fragments containing the bar gene sequences of transformed 
DNA of hybrids R1 progeny. Lane L, 100 bp ladder; lanes 1 and 5 transformed DNA of 
regenerated plants; lane 6, negative control (non-transformed DNA) from non-
transformed plants. Fig. 3B, containing the detection of transformed DNA of R1 
progenies of varieties. Lane 8 and 9 transformed DNA from varieties; lane 10, non- 
transformed DNA; lane MW, the control. 
 
 
6.9.5 The expression of CBF gene in transgenic plants 
The putative transgenic plants of R0 and R1 progeny transformed with the anti-
stress gene cbf were confirmed by the standard PCR. Genomic DNA containing the 
cbf gene was amplified using the cbf gene-specific primers. PCR results showed 
bands of 478bp resulted from cbf amplification using the gene-specific primers 
confirming the integration of the cbf gene in the plant genome in the R0 progeny 
(Figure 6. 4). Moreover, the presence of bands in the gel visualized by gel 
electrophoresis that derived from the DNA amplification of the R1 transgenic plants 
confirmed stable cbf gene expression in the progenies of Syrian varieties and 
hybrids plants transformed with pBINPLUSARS/PpCBF1 construct (Figure 6. 5). 
PCR results confirmed the integration, presence and stable expression of the bar 
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and cbf transgenes in R1 progenies of transformed maize plants compared with the 
control plants (Figure 6. 6).  
 
Figure 6. 4: PCR amplification of the genomic DNA of R0 progenies transformed with 
CBF gene. Detection of DNA fragments containing the CBF gene sequences of 
transformed R0 progeny. Lane L, 100 bp ladder; lane c, negative control; lanes 1 and 2  
transformed DNA of transgenic events; lane 3, the control (MW). 
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Figure 6. 5: PCR amplification of genomic DNA with CBF gene sequences extracted 
from R1 progeny of transformed events. Fig. 5A, containing the detection of 
transformed DNA of R1 progenies of varieties. Lane L, 100 bp ladder, lane 1, non- 
transformed DNA; lanes 2 and 4 transformed DNA of varieties; lane MW, the control. 
Fig. 5B, Detection of DNA fragments containing the CBF gene sequences of 
transformed R1 hybrids plants. Lanes: 1 and 2 transformed DNA; lane c, negative 
control (non-transformed DNA); lane MW, the control; lane L, a 100 bp ladder. 
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Figure 6. 6: PCR amplification of the genomic DNA extracted from transformed maize 
plants of R1 progenies. Detection of DNA fragments containing the transgenes bar 
gene and CBF gene of transformed DNA. Lane L, a 100 bp ladder; lanes 1 and 2 
transformed DNA with bar gene of regenerated plants; lanes 3 and 4 related to gus 
gene of transformed DNA; lane 5 and 6 transformed DNA with CBF gene of 
Gh.1variety and Gh. 82 variety; lane c, negative control (non-transformed DNA). 
 
6.9.6 Identification of transgene by DNA sequencing 
Four samples of PCR products of genomic DNA and DNA plasmid were purified 
using the Wizard SV Gel and PCR Clean-Up System kit as described in section 
‘Purification of PCR products’ and then DNA concentration was measured using a 
Nano-drop spectrophotometer (Table 6. 3). These samples were compared with the 
DNA plasmid extracted from the Agrobacterium strains containing plasmid constructs 
pTF102 and PpCBF1. 
A dilution of the purified PCR amplicons of genomic DNA samples was carried 
out using molecular grade water to achieve a working stock of a 20 ngμL-1 of 
genomic DNA and plasmids. Then, the purified PCR amplicons of genomic DNA of 
transgenes generated using the gene-specific primers were sequenced by the 
genome analysis and technology core centre (London Bioscience Innovation Centre, 
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LBIC-GATC Biotech, UK). The identification of transgenes was performed by Blast 
the partial sequence (provided in Appendix 2) obtained by the genome analysis 
using the basic local alignment search tool software from the national centre for 
biotechnology information (NCBI, http://www.ncbi. nlm.nih.gov/) as described in 
section ‘Sequencing of PCR products’. Results of the NCBI-BLAST database 
confirmed that the DNA sequencing of each transgene matched to the accession 
number of the transgene (Appendix 2) in the GenBank with similarity of 97-100% 
(http://www.ncbi.nlm. nih.gov/genbank/). These matching sequence regions of each 
gene could be utilized to design gene-specific primers. 
It was found that the bar gene sequence was matched to the Streptomyces 
hygroscopicus strain A10 phosphinothricin acetyl transferase (bar) gene, complete 
cds with a similarity of 97% and with a similarity of 99% for the sequence of the DNA 
plasmid. The CBF gene sequence matched to the Loring C-repeat binding factor 
mRNA, complete cds, extracted from the Prunus persica cultivar with a similarity of 
99% (CBF gene) and 100% for the PpCBF1 plasmid sequence (Appendix 2).   
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Table 6. 3: The concentration and purity of genomic DNA and plasmids sequenced 
using gene-specific primers. 
Samples 
origin 
DNA 
concentration*   
ng μL-1 
Purity 
A260/A280, 
A260/A230 
Primers sequence 
(5‘----3’), 10 pmol μL-1 
Sample No.1 
bar (genomic DNA 
extracted from Hi II) 
136.7 1.89/2.04 
bar-f 
5'TCTACACCCACCTGCTGAAGTC3' 
Sample No.2 
bar (Agro plasmid)  
149.5 1.91/2.05  
bar-f 
5'TCTACACCCACCTGCTGAAGTC3' 
Sample No.3 
CBF (genomic DNA, 
Gh.82) 
99.8 1.84/2.04 
CBF-557r, 
 5’ AGCTAAGCATTGGGGTGGAGAAAG3' 
Sample No.4 
CBF (Agro plasmid) 
140.1 1.96/2.10 
CBF-85f,     
5’ ATGGTCATGGACATGATCTTCG 3' 
* DNA concentration and the quality were determined using a Nano-drop 
spectrophotometer ND-1000, Labtech. 
6.9.7 Presence/Absence experiments of transgenes in transgenic 
plants and the coby number of transgenes 
The stable expression of transgenes bar and CBF in the transformed genomes 
of maize plants was confirmed by the presence/absence experiment using TagMan 
reagents. The specific sequence of interest genes (targets) was detected using the 
quantitative real-time PCR (qRT-PCR) designed to amplify and detect only this 
specific sequence by probes and gene-specific primers. Amplifications curves of 
transgenes showed the presence of the gene-specific sequence in the amplification 
plot reffereing to the stable expression of transgenes in the transformed plant 
genome (Figure 5, Appendix 2). To estimate the quantitative PCR products of target 
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genes, the concentration was plotted versus the cycle number at which the 
fluorescence signal exceeds the threshold cycle (Ct) value by relative PCR.  Results 
showed that the copy number of the target genes cbf and bar gene could be 
estimated by the comparison of the standard curvevs of targets genes amplification 
with the standard curve of the chi gene amplification (Figure 6. 7). The slope of the 
standard curve for the cbf gene was -2.9 referring to a good efficiency of 
amplification as stated by Okabe et al. (2007) that a reaction of amplification with 
100% efficiency will produce a slope -3.32. The efficiency of amplification (Eff%) of 
the cbf gene was determined using the slope of the standard curve. Results of 
amplification of the bar gene showed that the copy number could be a single copy 
(Figure 6. 8) but the slope was not referring to the high efficiency of amplification so 
it is worth to investigate detection of the copy number using another probe.  
It was found that the fluorescence signal of bar gene amplification appeared after 
19 cycles compared with the 21 cycles at which the fluorescence signal of chi gene 
amplification appeared and that means the copy number of the bar gene in this clone 
was matched to the copy number of chi gene which is present as a single copy in the 
plant genome (Appendix 2). However, for the amplification of the cbf gene, in some 
amplicons, the fluorescence signal exceeded the threshold cycle (Ct) value after 16 
cycles compared with the chi amplicons which means the copy number of cbf gene 
exceeded the copy number of chi gene in this clone (Appendix 2).  
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Figure 6. 7: Standard curve of cbf gene amplification by RT-PCR 
 
 
Figure 6. 8: Standard curve of the bar gene amplification using RT-PCR. 
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6.10 Discussion 
6.10.1 Stable expression of transgenes  
Transient expression of GUS gene was confirmed in immature zygotic embryos 
infected with A.tumefaciens. Monitoring of the level of the transgene expression in 
the immature embryos after 3 to 10 days of inoculation gave a very useful indicator 
for optimization of the transformation protocol. This optimization included the density 
of Agrobacterium inoculum and the duration of inoculation (Amoah et al. 2001; 
Martinez-Trujillo et al. 2004; Hosein et al. 2012). 
 
The effects of various factors on T-DNA delivery and the transient expression of 
the gus gene were investigated including the concentrations of Potassium 
ferricyanide, Potassium ferrocyanide and Sodium Phosphate buffer, and vacuum 
infiltration. The investigations showed the positive effects of 1mM Potassium 
ferricyanide on the staining of tissues and appearance of the blue colour in tissue 
cells. Using the GUS staining solution of the Sodium Phosphate buffer component of 
NaH2PO4, 0.1M (pH 7.0) containing 2mM X-Gluc resulted in a positive staining of 
gus transient expression.   
 
The histochemical GUS staining using vacuum infiltration for leaf tissues caused 
positive results that facilitated the penetration of GUS solution containing the X-Gluc 
to the leaf cells. Vacuum infiltration increased gus expression in both callus and leaf 
samples. It was demonstrated that the influence of vacuum infiltration was 
significantly positive in staining the leaf tissues (p< 0.001). But, the effects of vacuum 
infiltration on the staining the callus was less than its effects on the leaf tissues with 
no significant differences (p> 0.05).    
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 A histochemical GUS staining assay carried out on maize bialaphos-resistant 
callus and transformed organs of regenerated plants including silks, tassels, roots 
and leaves of transgenic plants to determine whether these express the transgene 
(the gus reporter gene) in their cells demonstrated the efficiency of the 
transformation protocol in T-DNA delivery. Shen et al. (1993) has previously 
described the expression of GUS reporter gene delivered with high efficiency to 
maize shoots by A. tumefaciens.  
The level of GUS expression can be used to evaluate the efficiency of 
transformation mediated by various strains of Agrobacterium tumefaciens. Zheng et 
al. (2009) evaluated transformation efficiencies of rice plants using a vector 
containing the Arabidopsis thaliana Histone Gene AtHTA1 and another vector with 
the target gene by the evaluation of GUS expression in transformed calli. Their 
results showed that the AtHTA1 gene enhanced rice transformation efficiency. 
Moreover, the histochemical assay of GUS activity has proved to be a simple and 
valuable reporter used to check the transient gene expression in ripe fleshy fruit 
mediated by Agrobacterium  (Spolaore et al. 2001).   
The positive results of the histochemical GUS assay in transgenic plants even 
appeared clearly in roots of R0, and in flowers of R1 progeny indicating heritable 
constitutive expression. Furthermore there was stable expression of the bar gene in 
the R1 progenies of transgenic plants. The glufosinate herbicide leaf-spray test 
(Brettschneider et al. 1997) was carried out on some of R1 progenies plants to 
determine whether those expressing the gus reporter gene also expressed the bar 
gene as bialaphos-resistance and stable bar gene expression was observed using 
the glufosinate leaf-spray test. The glufosinate (bialaphos)-resistant plants of R1 
progeny confirmed the stability of the transgene integrated in transgenic plants. The 
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bar-expressing transgenic plants showed a resistance and survived the glufosinate 
herbicide spray, whereas the non-expressing plants (the controls) were sensitive and 
died (Frame et al. 2002). Furthermore, the bar-expressing transgenic plants 
correlated with the positive-GUS expression for the events evaluated in this study. 
The GUS expression in leaf tissue of R1 progeny also correlated with positive or 
negative expression of the reporter gene in callus that regenerated to transgenic 
plants in all events. 
6.10.2 Confirmation of transformation and copy number of 
transgenes 
Stable integration of the bar, gus and CBF transgenes in the R0 and R1 
progenies of independent transgenic events transformed with pTF102 and PpCBF1 
constructs was assessed by PCR amplifications of genomic DNA. Progeny analyses 
confirmed the transfer of the transgenes into the maize cells (integration) and 
expression of the transgenes in R0 and R1 generations of transgenic events.  
Most of these events showed the expected 170bp product bands of the bar gene, 
478bp product bands of CBF gene suggesting the integration of the bar and CBF 
transgenes cassettes in the maize genome of the R0 generation progeny. Screening 
of R1 generation progeny plants of transformed events for expression of the CBF, 
gus and bar transgenes also confirmed the stable integration of the transgenes in 
plant genome. A similar detection of transfer the bar and gus gene into the maize 
cells by Agrobacterium mediated transformation technique to infected immature 
zygotic embryos was  confirmed by the PCR amplification  (Ombori et al. 2013). Also, 
the T-DNA integration into plant genome using Agrobacterium-mediated 
transformation method was molecularly confirmed by the PCR amplification 
(Bundock et al. 1995; Belarmino and Mii 2000; Zeilinger 2004).  
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The real-time PCR confirmed stable integration of CBF and bar transgenes into 
maize genome of R1 progeny. The estimated copy number of the transgenes 
obtained by quantitative real-time PCR (qRT-PCR) has been previously shown to 
yield identical results to the more established Southern blot analysis (Song et al. 
2002) and so this technique was used here. Furthermore, a TaqMan quantitative 
real-time PCR detection system is suitable for efficient early screening of transgenic 
clones. Identifying transgene copy number  by this system has been  found to be 
more accurate than genomic Southern blot hybridization (Mason et al. 2002) and it is 
suitable for the determination of transgene homozygotes in segregation populations 
effectively and reduces the cost and intensive labour requirements (Yi et al. 2008). In 
addition this method is amenable to identifying transgene copy number for large 
numbers of transgenic events rapidly while requiring very little tissue (Song et al. 
2002). Thus, qRT-PCR represents an efficient means for determining transgene 
copy numbers in transgenic maize plants using Applied Biosystem, StepOne Plus 
Real-Time PCR Software v2.3. Results demonstrated that maize transformation by 
the Agrobacterium tumefaciens containing a binary vector with a selectable marker 
gene cassette containing transcription factor resulted in a low copy of transgene 
inserted in transgenic maize plants and this results was compatible with  Sivamani et 
al. (2015).  
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6.11 Conclusion 
Integration of transgenes bar, gus and CBF in the transgenic genome of R0 and 
R1 progenies was investigated. The histochemical GUS assay confirmed the 
integration and stable transformation of the reporter gene gus in the genome of 
transgenic maize plants that had been transformed with the pTF102 plasmid 
construct containing the reporter gene and the selectable marker gene bar. The 
stable expression of the selectable marker gene bar was also confirmed by the 
herbicide bialaphos (glufosinate) leaf-spray test according to Brettschneider et al. 
(1997). The bar gene-expressing plants showed bialaphos resistance compared with 
the control plants that were bar gene non-expressing. These putative transgenic 
plants were identified and the stable transgene integration was confirmed by the 
PCR amplification using the specific-gene primers of CBF and bar genes. The 
insertion and integration of specific DNA fragments in the transgenic genome of R0 
and R1 progeny of maize plants transformed with the pTF102 construct was 
investigated by PCR amplification. The presence of the CBF gene was also 
confirmed in transgenic plants transformed with the pBINPLUSARS/PpCBF1 plasmid 
contained in the Agrobacterium tumefaciens strains EHA105 using the amplification 
of specific fragments of genomic DNA by PCR amplification.   
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Abiotic stress assessment techniques 
Physiological assay of salt stress resistance of transgenic plants 
7.1 Introduction 
Plants respond to numerous external stimuli and environmental stresses to 
regulate its growth and development (Wolters and Jürgens 2009). Several 
physiological changes possibly occur when plants are subjected to harmful stress 
conditions like drought and salinity. It has been observed that several physiological 
pathways like photosynthesis, nitrogen fixation, respiration and carbohydrate 
metabolism can be affected by high salinity (Chen et al. 2008).  
Salinity affects photosynthetic components such as chlorophylls and enzymes 
causing changes in the photosynthetic parameters. These changes in photosynthetic 
parameters depend on the severity and duration of salt stress (Misra et al. 1997), 
and on plant species (Dubey and Pessarakli 2002).  
Chlorosis is a common response of salinity stress (Parida and Das 2005; Jamil 
et al. 2007). It has been found that salinity reduces chlorophyll content due to the 
accumulation of sodium ions during the biosynthesis of the different chlorophyll 
fractions (Reddy and Vora 1986; Ali et al. 2004).  
The main intention of this chapter is to investigate maize responses to salinity 
stress, and how the transgenic plants modify this response. Comparison between 
transgenic and non-transgenic plants photosynthetic efficiency, the accumulation of 
dry matter, leaf area index, plant height, stem diameter and the production were 
carried out. 
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7.2 Aims and objectives 
The aim of the physiological assessment of genetically modified maize plants 
was to confirm the stability of abiotic stress tolerance/resistance of the transformed 
plants under salt stress. The physiological assay was a very important indicator to 
identify the response of the transgenic plants under in-vivo conditions.  
The objectives of these experiments are summarised as: 
1- To investigate the effect of salt treatments on in-vivo maize plants growing in 
the lab. 
2- To estimate of the expression and nature of the resistance trait of abiotic 
stress of altered plants under salt stress in the lab.  
3- To determine whether transgenic Syrian maize cultivar varieties have 
appreciable tolerance ability of salinity to potentially improve crop productivity 
in salty lands. 
7.3 Materials and methods 
7.3.1 Plant materials 
R1 progeny of altered Syrian maize var. Ghota.1 that showed positive PCR 
analysis indicating the presence of the gene of interest (CBF) were used in this study 
and compared with R1 plants of non-transgenic var. Ghota.1 used as a control.  
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7.4 Methodology 
7.4.1 Experimental design 
Laboratory experiments were conducted to monitor the response of transformed 
maize plants to salt stress conditions during the whole plant life-cycle up to and 
following tasselling, and to compare several indicators of salt resistance or plant 
tolerance. Many physiological measurements of control and transformed maize 
plants were carried out.  
This experiment consisted of 9 treatments of salinity with different concentrations 
of NaCl (0mM (control), 50, 100, 150, 200, 250, 300, 350 and 500mM), the 
approximate concentration of seawater being 500-600mM NaCl. These different 
concentrations of salt were prepared from a Stock watering solution of 500 mM NaCl 
and mixing with distilled water in proportions of 0, 10, 20, 30, 40, 50, 60, 70, and 100% 
for the salinity treatments respectively.  Each treatment contained three transformed 
maize plants of R1 progeny, and three non-transformed plants of R1 progeny of 
Ghota.1 genotype. The total experimental design was as follows: 2 genotypes 
(transformed and non-transformed plants) x 9 treatments x 3 replications. Every 
replication was based on one maize plant growing in a 20 cm diameter plastic plant 
pot, containing a substrate mix consisting of a 1:2:1 volumetric mixture of John Innes 
No.2 compost + multi-purpose compost (manufactured by Westland Ltd) + sand with 
35g Osmocote Pro per pot for fertilization.  
Initially, seedlings were grown in growth chambers (Sanyo Phytotron) in 10 cm 
square (0.70 L) pots containing John Innes seed compost under a 13 hour 
photoperiod  (170 μmol s−1 m−2 photon flux density) at 22/20oC day/night for three 
weeks until full development of the third leaf. Doses of a nutrient solution (Calcium 
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nitrate and Magnesium sulphate) were added to the plants as required. Then, the 
plantlets were transplanted into the 20 cm pots located in a walk-in growth room and 
grown to full maturity 
7.4.2 Screening for salt stress resistance 
After 5 weeks of planting, plants for each treatment were irrigated using the 
saline solutions described above. The irrigation was repeated as necessary at the 
same time to all treatments. Eight irrigations were applied. Irrigation amounts ranged 
between 250 to 350 mL of saline water, but every time the same amount of watering 
solution was added to each pot.  
Evaluation of plant resistance of salt stress was observed using physiological 
and productivity indicators including: Chlorophyll Fluorescence (Fv/Fm), dry weight, 
plant height, plant stem diameter, leaf area index, specific leaf area, size of tassels 
and the yield (number of ears and number of grains/ear). These parameters were 
recorded for each individual plant separately.  
7.4.3 Chlorophyll fluorescence measurements  
The parameter Fv/Fm; ratio of variable fluorescence Fv to maximum 
fluorescence Fm (Optisci.com. 2011) was measured as an indicator of the maximum 
efficiency of Photosystem II using the Pocket PEA Plus Chlorophyll Fluorimeter, 
Version: 1.10 (Hansatech Instruments Ltd) (Plate 7. 1). 
The first step of the measurement process of chlorophyll fluorescence was a 
dark adaptation period. The dark adaptation was carried out using custom built small 
lightweight leaf clips. The leaf clips were attached to three leaves per plant, and 
small shutter plates of the clips were closed over the plant leaves to exclude light for 
30 minutes (Plate 7. 2).  
 Chapter 7 
251 
 
Fv/Fm measurement was achieved at a light intensity level of 3500 μmol m-2 s-1 
for 1 second of saturation as the measurement period. Fv/Fm was observed after 30 
minutes of a dark adaptation for all samples at the same time of measurement. The 
measurements were taken for all samples before the application of saline irrigation 
and subsequently once every 10 days for up to 1 month and then were observed 
every 7 days. Nine readings of chlorophyll fluorescence were taken, and one 
accompanied the time of leaf area index measurement. All the Fv/Fm readings were 
done at the same time of the day at each monitoring in order to mitigate against any 
diurnal fluctuations.  
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Plate 7. 1: The Pocket PEA Plus Chlorophyll Fluorimeter used for measurement of 
chlorophyll fluorescence. 
 
 
Plate 7. 2: Dark Adaptation leaf clips placed on samples of maize plants with shutters 
in closed position prior to PEA measurements. 
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7.4.4 Dry weight (g) 
Shoot dry weight, g (Wt) of maize plants was obtained by harvesting the whole 
plants individually after 14 weeks of planting. Fresh shoot weight of plants was taken 
and subsequently the dry weight was determined after wrapping in aluminium foil 
and drying in a forced-air oven at 70oC for 72h.  
7.4.5 Leaf area index, LAI 
Leaf area index (LAI) is the ratio of the leaf surface area to the ground area 
occupied by a plant stand. Leaf area per pot was measured non-destructively 12 
weeks after planting. The lengths and maximum widths of three leaves per plant, the 
flag leaf and the two subtending leaves, were measured. The total leaf area per plant 
LA, (cm
2) was calculated by multiplying the number of leaves on the plant by the leaf 
length, the leaf width and a correction factor (0.75) to account for the shape of the 
leaves.  Subsequently, the LAI was calculated as the ratio of the total leaf area to the 
surface area of the pot:  
Total leaf area cm2 / Growth area cm2. 
[Leaf length x leaf width x No. of leaves per plant x 0.75] / growth area*  
* Growth area (A): the area of the pot surface; d= 20 cm. A = π r2 
0.75: Correction factor 
7.4.6 Specific leaf area SLA, cm2 g-1  
Specific leaf area is the ratio between the total leaf area per plant LA and total 
leaf dry weight per plant LW. This index of the leaf thickness involves an assessment 
of the leaf area in relation to its dry weight to reflect the area per mass cm2 g-1. 
Specific leaf area was calculated by division of the total leaf area per plant by the dry 
weight of the leaves LA/LW; cm
2 g-1 (Pérez-Harguindeguy et al. 2013). 
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7.4.7 Plant height and plant stem diameter (cm) 
Plant height was defined as the maximum height between the ground level and 
the upper boundary of the photosynthetic shoots at the point of tassel shed. Plant 
height is associated with growth vigour, reproductive size, competitive ability and 
whole-plant fertility (Pérez-Harguindeguy et al. 2013). 
It was reported that there is a consistent relationship between relative height of 
maize plant and biomass within a genotype (Wilhelm et al. 2010). 
The plant stem diameter (d) around the ear position for each plant was calculated 
using the following formula:  
C = 2 π r
*  
 
c: The circumference of the stem (cm) which measured using a measuring tape (Soft 
Tape Measure Sewing Tailor Ruler).     
*r: radius, d= 2r.      
7.5 Statistical analysis   
    The multiple comparison post hoc test Fisher‘s least significant difference (LSD) 
was used to compare the means. Data in tables and figures are presented as means 
+/- standard error (SE) and the probability p< 0.05 was considered significant using 
probability tables (Fisher and Yates 1957) at the significance level 5% of the t-
distribution table (two-tailed).      
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7.6 Results 
Physiological assay of salt stress resistance for assessing 
transgenic maize plants 
7.6.1 Chlorophyll Fluorescence monitoring Fv/Fm 
Results showed significant differences of the maximum quantum efficiency of 
PSII photochemistry Fv/Fm, (Table 7. 1) between the transgenic and control 
genotypes in their response to the salt stress. The photosynthesis of both genotypes 
was strongly affected by salt concentrations and there were highly significant 
differences among the treatments. The interaction between the treatments and 
genotypes was significant (Table 7. 1). 
The overall response of transformed plants to salt treatments was better than the 
response of non-transformed plants with a significant difference of the maximum 
yield of Fv/Fm (Figure 7. 1). When the salt concentration was increased above 100 
mM up to 200 mM, the Fv/Fm values of both transformed and non-transformed 
plants decreased (Figure 7. 2) indicating that salt stress was having a detrimental 
effect on the physiology of the photosynthetic apparatus. The transformed plants 
however were characterized by a higher chlorophyll fluorescence value than the non-
transformed plants, particularly for the salinity treatments of 150 and 200 mM 
indicating that they coped better with the salt stress than the control plants (Figure 7. 
2).  
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 Table 7. 1: Fishers significance test (p value) and Least Significant Difference (L.S.D) 
values of Fv/Fm and dry weight Wt at 5 and 1% level of significance (two-tailed). 
Source of variance P value L.S.D (0.05) L.S.D (0.01) 
 Traits Fv/Fm Wt Fv/Fm Wt Fv/Fm Wt 
Treatments (salt) 0.000*** 0.000*** 0.11 6.29 0.15 8.43 
Genotypes 0.015* 0.008** 0.05 2.96 0.07 3.97 
Treatments x 
Genotypes 
0.039* 0.172 0.16 N.S 0.22 N.S 
Significant -* Very significant - ** Highly significant -*** N.S. Non-significant  
 
 
Figure 7. 1: The effect of salinity on overall mean chlorophyll fluorescence of maize 
genotypes leaves. Values are means of nine treatments containing 54 plants. 
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Figure 7. 2: The response of PS II of transformed and non-transformed plants to 
irrigation with increasing salt concentrations. 
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7.6.2 Combined Fv/Fm monitoring over time 
The total Fv/Fm was accumulated and averaged over time that is the readings 
for 1, 10, 20, 30, 40, 47, 54, 61 and 68 days were combined and this analysis 
showed highly significant differences between the two genotypes (p< 0.001) with the 
transformed plants being better than the controls (Figure 7. 3). 
 
Figure 7. 3: The overall effect of salinity on maize genotypes performance chlorophyll 
fluorescence parameter of leaves over time. Values are means of eight readings of 
Fv/Fm for nine treatments containing 54 plants. SE: 0.020- 0.017. 
 
There was a significant negative relationship between the salt stress resistance 
of genotypes and the plant exposure time of salinity through treatments (p< 0.001 for 
Genotypes x Time). As the exposure time of salt stress increased, the chlorophyll 
fluorescence efficiency decreased indicating the incremental increase in salt stress 
as salinity irrigations increased over time.   
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decreased significantly in both genotypes over time by the salinity treatments. 
Results demonstrated that the response of transformed plant differed significantly 
from non-transformed plants and the salt-stress resistance of transformed plants was 
higher than the resistance of non-transformed plants (p< 0.001).   
 
Figure 7. 4: The response of transgenic and non-transgenic maize plants to salt stress 
over time. 
The interaction between the treatments and the time of treatment was highly 
significant (p< 0.001). Plants were affected gradually by the time of salinity 
treatments. After 61 days of salt stress, transformed plants showed decreasing 
in the chlorophyll fluorescence response (Figure 7. 5. a). However, the 
transformed plants response of salt stress was better than the response of non-
transformed plants which showed a greater decrease in the Fv/Fm values at an 
earlier time 47 days of treatment (Figure 7. 5. b). 
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Figure 7. 5.a. The response of transformed plants to salinity treatments over time. 
 
 
Figure 7.5.b. 1: The response of non-transformed maize plants to salinity over time. 
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7.6.3 Dry weight (g) 
Results showed highly significant differences within treatments regarding dry 
matter accumulation under different concentrations of salt p<0.001(Table 7. 1). At 
concentrations of salt irrigation above 250mM the transformed plants ability to 
accumulate dry matter was higher than the ability of non-transformed plants of dry 
matter accumulation (Figure 7. 6). There were also significant differences between 
the transformed and non-transformed plants (at 5% and 1% level of significance, see 
Table 2, appendix 3) at concentrations of 50, 100, 150, 200 mM (Figure 7. 6).  
 
Figure 7. 6: Dry matter accumulation of maize plants at different concentrations of salt 
irrigation. 
There was an overall significant difference between the genotypes according 
ANOVA analysis p=0.008 (Table 7. 1) with the transformed plants being significantly 
superior to the non-transformed plants in their ability to accumulate the dry matter 
under the salt stress (Figure 7. 7). 
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Figure 7. 7: Response of transgenic and non-transgenic plants to accumulate the dry 
matter under salt stress 
 
Dry matter accumulation was significantly affected by the salt concentrations. 
There was a significant regression in the dry weight associated with the increase of 
salinity concentrations (Figure 7. 8). 
 
Figure 7. 8: Dry matter accumulation of non-transgenic and transgenic maize plants 
influenced by different applications of salt concentrations. 
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7.6.4 Leaf area index (LAI) 
There were highly significant differences within treatments regarding the leaf 
area index (Table 7. 2) with significant differences between the two genotypes. Salt 
treatments interacted with genotypes, so the interaction between the treatments and 
genotypes was significant (Table 7. 2). 
The ability of the transformed plants to form a leaf surface under the salt stress 
was better than the ability of non-transformed plants (Figure 7. 9) and LAI was higher 
for transformed plants under all salinity treatments except that of 250 mM. 
Table 7. 2: Fisher significance test (p value) and Least Significant Difference (L.S.D) 
values of leaf area index, LAI and specific leaf area, SLA at 5 and 1% level of 
significance (two-tailed). 
Source of variance P value L.S.D (0.05) L.S.D (0.01) 
 Traits LAI SLA LAI SLA LAI SLA 
Treatments 0.000*** 0.012* 1.38 99.89 1.85 133.94 
Genotypes 0.028* 0.049* 0.65 47.09 0.87 63.14 
Treatments x 
Genotypes 
0.041* 0.804 1.96 N.S 
2.62 
 
N.S 
Significant -* Very significant - ** Highly significant -*** N.S. Non-significant 
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Figure 7. 9: Leaf area index of genotypes under the salt stress. 
ANOVA analysis showed that overall differences between genotypes was 
significant (p= 0.028) with transformed plants showing LAI values higher than non-
transformed plants (Figure 7. 10).  
 
Figure 7. 10: Overall leaf area index of transformed and non-transformed plants. 
Values are the means of LAI of 54 plants of transformed and non-transformed plants 
(27 plants each). SE: 0.62-0.71.  
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The leaf area decreased in association with the increase of salinity 
concentrations for most treatments and the relationship between the LAI and the 
salinity concentrations was negative in a linear model (Figure 7. 11).  
 
Figure 7. 11: Overal leaf area index under different salt concentrations. 
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Figure 7. 12: The effect of salt application on Specific Leaf Area. 
In general, for specific leaf area index of all treatments, results derived from 
balanced ANOVA analysis showed significant differences between the genotypes 
(Figure 7. 13). It is clear that the decline of SLA values from 338 cm2 g-1 for non-
transformed plants to 290 cm2 g-1 for transformed plants was a significant index that 
transformed plants were more efficient in their ability to accumulate dry weight.  
 
Figure 7. 13: Overall Specific leaf area of transformed and non-transformed genotypes 
for all salinity treatments. 
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The density of leaf or thinness of the leaf was affected by salinity concentrations. 
There were significant differences between genotypes for the 50mM treatment and 
the treatments of 200, 250, 300, 350 and 500mM (Table 3, appendix 3). However, 
the relationship between the SLA and the salt concentrations was positive. Findings 
reflected the sensitivity of plants under salt stress. The decreasing SLA values were 
correlated with the decrease in concentrations of salt in a linear trend (R2= 0.87) 
(Figure 7. 14). 
 
Figure 7. 14: The effects of salinity treatments on the specific leaf area (cm2 g-1). 
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7.6.6 Plant height (cm) 
There were highly significant differences between treatments in terms of plant 
height (Table 7. 3) but there were no overall significant differences between 
transformed and non-transformed plants (Figure 7. 15). However there were 
significant differences between the transformed and non-transformed plants under 
salt stress of 50, 200 and 250mM (Figure 7. 16 and (Table 5, appendix 3)).  
Table 7. 3: Fisher significance test (p value) and Least Significant Difference (L.S.D) 
values of plant height and stem diameter (cm) at 5 and 1% level of significance (two-
tailed).  
Source of variance P value L.S.D (0.05) L.S.D (0.01) 
 
Traits 
plant 
height 
Stem 
diameter 
plant 
height 
Stem 
diameter 
plant 
height 
Stem 
diameter 
Treatments 0.000*** 0.000*** 20.37 0.15 27.31 0.20 
Genotypes 0.267 0.009** N.S 0.07 N.S 0.09 
Treatments x 
Genotypes 
0.654 0.101 N.S N.S N.S N.S 
Significant -* Very significant - ** Highly significant -*** N.S. Non-significant  
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Figure 7. 15: The height of transformed and non-transformed plants. Values are the 
means of plant height of 27 plants of each genotype. 
 
 
Figure 7. 16: Assessment of plant height (cm) of genotypes under salt applications. 
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7.6.7 Plant stem diameter 
There were highly significant differences in plant stem diameter within salt 
treatments with very significant differences between genotypes (Table 7. 3). There 
were significant differences between transformed and non-transformed plants in 
treatments of 50, 100, 150 and 200mM (Figure 7. 17). The transformed plants 
response under salt stress was better than the response of non-transformed plants 
for most treatments. There was a significant difference (p= 0.009) between the 
overall results for genotypes (Figure 7. 18) with transformed plants having a bigger 
diameter than non-transformed plants (LSD= 0.07) (Table 4, appendix 3). 
 
Figure 7. 17: Stem diameter of transformed and non-transformed plants in response 
to increasing salt stress. 
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Figure 7. 18: The overall effect of salt stress on stem diameter of genotypes, (LSD 
5%= 0.07). 
 
7.6.8 Fertility and productivity of salt-stressed plants 
The fertility of maize plants was tested under salt stress by monitoring both male 
and female flowering and the ability to produce seeds. Seeds were produced from 3 
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average number of seeds harvested from the transgenic plants grown in at 50mM 
NaCl was higher than that kernels harvested per ear of non-transgenic plants. 
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Table 7. 4: Fertility of R1 progeny of transgenic Ghota.1 plants transformed by 
EHA105/PpCBF1 in comparison with non-transgenic plants under salt stress. 
 
 
Genotypes 
 
 
 
NaCl 
concentrations 
mM
 
R1  Progeny 
Transgenic plants Non-transgenic plants 
No. of  
Plant 
harvested
  a 
No. of 
seeds/cob 
b 
Weight of  
seed (g) 
c 
No. of  
Plant 
harvested 
No. of 
seeds/cob 
Weight 
of seed 
(g) 
Variety 
Ghota.1 
Control (0) 1 43 12.9 1 49 14.8 
50 mM 1 49 14.6 1 22 6.5 
100 mM 1 43 13 -   
200 mM 1 23 6.7 -   
             
            a: The female plant was crossed with another non-transformed plant (control). 
b: Harvested seeds were dried at room temperature before the weight.
 
 
7.7 Discussion 
7.7.1 Effects of salt stress on transformed and non-transformed 
maize plants 
The experimental design of this investigation was to gradually increase the salt 
stress to maize plants by irrigation with salty water thereby increasing the sodicity 
with time. By using different concentrations of salt in the irrigation water, the sodicity 
was increased at different rates according to the treatments. The objective was to 
assess whether the plants would be affected physiologically as the sodicity 
increased and whether these physiological effects were manifested in productivity 
decline traits and to see if the transgenic plants were in any way different from the 
control non-transformed plants. Non-significant differences were registered between 
genotypes for the efficiency of PSII at concentrations of salinity that less than 
150mM but non-transformed plants were negatively affected by salt stress at 
concentrations of 150 and 200mM. Transformed plants also responded to salt stress 
significantly and their utilization of light (Fv/Fm values) was better than non-
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transformed plants (Figure 7. 2). The effects of salinity on plant growth were 
accumulative over time and both genotypes were affected by salt stress significantly 
in association with the time of treatments. The negative effects of salt stress 
appeared clearly after 47 days of treatment. Transgenic plants were characterized 
with a better response to salinity, where its photosynthetic performance was better 
resulting in better growth than the non-transformed plants over the period of the 
experiment (Figure 7. 4). Low Fv/Fm values indicated the occurrence of 
photoinhibition related to an injury caused to the PSII complexes, or that this 
reduction was caused due to fluorescence emission from PSI (Krause and Jahns 
2004; Papageorgiou 2004; Roháček et al. 2008). 
Transgenic plants responded better to salt stress and accumulated dry matter 
better than the non-transformed plants up to 200mM salinity level. This increase in 
the dry weight was associated with both increased LAI and decreased SLA thickness 
of leaves. Thickening of leaves is a common observation of plants under stress. 
Specific leaf area of transformed plants was higher than non-transformed plant’s 
SLA under control. However, SLA values of transformed plants were lower than 
those of non-transformed plants under salt stress with significant differences in most 
treatments. This reveals the relative thinness of transgenic plant leaf, which is 
considered to be a more efficient anatomy than that shown by the non-transformed 
plants.  
Increasing salt stress also affected plant height and stem diameter of the plants 
and transformed plants succeeded in forming a better plant height and thicker stem 
diameter until the salinity level of 200mM. 
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7.7.2 Transgenic plants resistance to salt stress 
This experiment clearly demonstrated that the tolerance of transformed plants to 
salt stress was better than non-transformed plants. The photoinhibition was lower 
than the non-transformed plants suggesting that the transgenic plants had a better 
efficiency of light use under salt stress.  
The transformed plants had a good density or relative thinness of leaf based on 
the leaf’s area in relation to its dry weight leading to a greater efficiency of 
transformed plants to accumulate the dry matter in relation to its leaf thickness 
compared to non-transformed plants (Figures 7. 6 and 7. 12).  
Transgenic maize plants were superior to non-transformed plants for traits of 
plant height and stem diameter although transgenic plants trended to form thick 
stems with short plants under the higher saline concentrations above 300mM. These 
results consistent with (Murchie and Lawson 2013). 
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7.8 Conclusion 
Transgenic maize plants had a significantly greater stress tolerance than the 
control plants.  
Findings reflected that the photosynthetic apparatus ability to utilize of light 
can affected by abiotic stress but the transformed plant response to salt stress was 
better than the response of non-transformed plants. The results were a significant 
indicator of how transformed plants respond to abiotic stress. It was demonstrated 
that transformed plants respond to salt stress up to a concentration of 250mM. 
Transformed plants were superior to non-transformed plants for the following traits: 
Fv/Fm, SLA, Wt and stem diameter. This superiority confirms the expression of the 
transgene and its physiological effectiveness. 
Lower photoinhibtion, lower leaf thickness and thicker stem diameter of 
transformed maize plants under saline stress might be a mechanism of resistance in 
maintaining good growth. This resistance to salinity is attributed the genetic variation 
between transformed and non-transformed plants. This genetic variation was derived 
from the action of the transgene as this is the only genetic difference between the 
genotypes tested. The successful transformation of a Syrian maize genotype with 
the stress gene CBF using A. tumefaciens confers improved stress resistance.  
This study opens the possibility for maize plant growers to continue growing 
maize in saline soils or under irrigation with mildly saline water. Furthermore, a better 
understanding of the mechanisms of action of the transgene and the plant stress-
tolerance is expected to utilize effectively in the production of maize plant abiotic 
stress resistance in arid and semiarid areas.  
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General discussion 
8.1 Genotype amenability to transformation 
8.1.1 Stable transformation frequency 
In this study 4 Syrian genotypes (2 varieties and 2 hybrids) were evaluated and 
genotypes varied somewhat in their amenability to transformation with the 
Agrobacterium tumefaciens strains EHA101 and EHA105 through immature embryos 
transformation. It was found that the transformation frequency of the two varieties 
(4.2%) was higher than the frequency of hybrids (3.7%) averaged over both 
Agrobacterium strains (Table 11, Chapter 5). Even, in previous studies, it was 
confirmed that callus induction was affected by genotype and callus induction 
medium with different concentrations of auxin (Rakshit et al. 2010). There were no 
significant differences between Syrian genotypes regarding callus induction. But, 
significant differences were found between genotypes regarding the callus weight. 
The callus weight was significantly affected by the initial embryo (explant) size and 
the genotype. The callus derived from varieties weighed significantly more than 
those initiated from the hybrids. The Syrian varieties developed callus successfully 
more than the hybrids with a higher percentage of transformation frequency 
indicating that the transformation frequency and callus differentiation was influenced 
by the genotype and these results correspond with the results of Wei, (2009) who 
demonstrated that transformation efficiency was influenced by genotype, and is one 
of the most important factors affecting the efficiency of transformation through the 
Agrobacterium tumefaciens-mediated plant transformation (Cao et al. 2014). The 
successful interaction between the Agrobacterium and plant genotype which involves 
numerous genes function from both Agrobacterium and plants was an essential 
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factor to ensure the efficiency of Agrobacterium-mediated plant transformation 
(Gelvin 2000).  
Callus induction and callus weight were both significantly influenced by the size 
of the initial embryo (explant) infected with the Agrobacterium inoculation. This result 
confirmed that the embryo size is one of the most significant factors that influence 
the callus induction and callus weight as stated in Wu et al. (2003) and Shrawat et al. 
(2007). Similar results also demonstrated that the embryo size produced significant 
differences in T-DNA delivery and regeneration of wheat transformed by 
Agrobacterium-mediated transformation in addition to other factors affecting T-DNA 
delivery and plant regeneration such as duration of pre-culture, inoculation and co-
cultivation, and the presence of acetosyringone and Silwet-L77, a plant groeth 
regulator, in the media (Wu et al. 2003). The callus induction frequency and somatic 
embryo-derived plantlet formation and development into fertile plants were 
influenced by plant media and the age of the immature embryos of maize genotypes 
from the tropics infected by Agrobacterium (Vega et al. 2008; Anami et al. 2010). 
The Syrian varieties tested here responded positively to callus induction, but the 
percentage of callus induction was slightly less than that of the Syrian hybrids. 
However, the varieties had a transformation frequency higher than the hybrids 
indicating that the callus induction and transformation ability can be independently 
genotype dependent and these results correspond with the results of (Frame et al. 
2011).  
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8.1.2 Transgenic plants production; Regeneration frequency and plant 
acclimatization 
Results showed significant differences between genotypes regarding the 
regeneration of mature somatic embryos to produce transgenic plants. Syrian 
varieties were superior to the hybrids and showed a high ability of regeneration 
which was again more than that with the hybrids. The regeneration frequency of the 
two studied varieties (59.2%) was higher than the regeneration frequency of the 
hybrids (17%). Of the 49 transformed events with mature somatic embryos for which 
regeneration was attempted, 29 transgenic events of Syrian varieties regenerated to 
transgenic plants successfully but only 8 transgenic events of hybrids were 
regenerated out of 47 transformed survived events for which regeneration was 
attempted. Thereby, genotypic variation for regeneration is clearly present in the 
Syrian germplasm and confirms that the regeneration frequency is genotype 
dependent (Huang and Wei 2004; Hensel et al. 2009; Frame et al. 2011). This 
agrees with Rakshit et al. (2010) who confirmed that the percentage of shoot 
formation and root formation were influenced by regeneration media, source and 
concentrations of auxin and the genotype of maize. Results revealed that Syrian 
maize genotypes varied in their ability for regeneration in-vitro, which is a necessary 
pre-requisite to ensure success of transformation by Agrobacterium (Tzfira et al. 
2002). The selection of immature embryo explants to transfer the genes of interest 
using Agrobacterium-mediated transformation led to successful transformation of 
maize with an efficient regeneration frequency agreeing with the literature (Shrawat 
and Lörz 2006). Furthermore, transformed cells of Syrian varieties that integrated the 
T-DNA into their chromosomes were recovered and regenerated into plants thus 
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overcoming the main hurdle in A. tumefaciens-mediated maize transformation after 
amenability of infection as stated by Komari and Kubo (1999). 
The average regeneration frequency of transformed callus of Syrian varieties 
was lower (59.2%) compared with that from control non-transformed callus (67.8%) 
but, the regeneration frequency of the control hybrids (16.3%) was lower than the 
frequency of regeneration of transformed events of Syrian hybrids (17%). These 
slight differences between the transformed and non-transformed events regarding 
the regeneration ability are an indication that the regeneration frequency did not 
significantly influenced by the Agrobacterium-mediated transformation.  
Syrian genotypes showed a good response to regenerate from explants of 
transgenic clones, 54 explants were regenerated from 32 transgenic clones of 
varieties transformed by both Agrobacterium constructs pTF102 and PpCBF1, 17 
explants were, also, regenerated successfully from 8 transgenic clones of hybrids. 
This result revealed that in agreement with similar previous work on other maize 
genotypes (Frame et al. 2006 and 2011) an efficient protocol for Syrian maize 
regeneration and transformation using the A. tumefaciens standard binary vector 
system was established by empirical iteration of in vitro growing conditions and 
transformation conditions.  
 Moreover, Syrian maize genotypes responded to acclimatization in the growth 
chamber and succeeded to produce mature transgenic plants in the growth room. Of 
the 54 transgenic explants of varieties subjected to acclimatization, 41 (76%) grew 
successfully but only 11 (65%) transgenic explants of Syrian hybrids succeeded to 
produce mature transformed plants from 17 explants during acclimatization. Almost 
all transgenic plants successfully acclimatized in the growth room were normal in 
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morphology (98%). Recovery of morphologically normal transgenic maize plants 
from immature somatic embryos transformed with Agrobacterium was emphasized 
by (Ishida et al. 1996). Similar results were also reported in wheat and rice (Rashid 
et al. 1996; Cheng et al. 1997; Wu et al. 2003) and in dicots species (Prunus 
subhirtella autumno rosa) transformed by A. tumefaciens  (da Camara Machado et al. 
1995). However, a few events of abnormal morphologies of transgenic plants were 
registered in which abundant vegetation was formed containing meristems and leaf 
primordia which did not elongate to form shoots. In some cases, transgenic plants 
had a less severe abnormal phenotype which formed elongated shoots, but had 
abnormally shaped leaves i.e. severely lobed leaves or colourless leaf. Abnormal 
morphologies were attributed to the biological function of specific genes that 
encoding of products caused changes in the normal phenotype during the plant 
development process. The findings of Matsuoka et al. (1993) indicated that the 
expression of the Oryza sativa homeobox 1 (OSH1) gene, which is homologous to 
the maize morphological mutant Knotted-1 (Kn1) gene, introduced into rice resulted 
in altered leaf morphology during the plant development process. Moreover, it was 
demonstrated that abnormal leaf morphology that included severely lobed leaves in 
transgenic Arabidopsis plants caused by the over-expression of KNAT1 and kn1 
suporting the hypothesis that kn1-like genes play a role in morphogenesis (Lincoln et 
al. 1994).     
More importantly, seeds were harvested from emasculated and outcrossed (with 
control plants, transgenic plants as female) of 42 transgenic plants of R0 progeny 
representing 31 plants of Syrian varieties with an average of 99 kernels per ear, and 
11 of these events for Syrian hybrids with an average of 116 kernels per ear. Most of 
these transgenic events (74%) for both constructs PpCBF1 and pTF102 produced 
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seeds. Eighteen of these transgenic events were derived from A. tumefaciens 
infected maize with pTF102, whereas the remaining twenty four transgenic plants 
were recovered from transformation events using the PpCBF1 construct. However, 
the majority of non-transformed R0 plants were produced seeds harvested from 
Syrian varieties and hybrids control plants (75, 63)% respectively. In contrast, 
transgenic seeds were produced from 3 outcrosses (60%) of R1 Syrian Gh.1 variety 
transformed by Agrobacterium-PpCBF1 infection with an average of 83 kernels per 
transgenic ear. The majority (83%) of R1 plants of Syrian genotypes transformed with 
pTF102 produced as many seeds as the seed-derived control hybrids plants (75%). 
These results demonstrate the fertility of transgenic plants produced by the A. 
tumefaciens agreeing with (Frame et al. 2002). Moreover, the reproducibility of this 
method of maize transformation using both vector systems was confirmed in this 
study through the production of fertile transgenic maize plants for R0 and R1 
progenies and this result is consistent with the finding of Ishida et al. (1996) and 
Negrotto et al. (2000) in infection of immature zygotic embryos of the inbred line 
A188 or the hybrid line Hi II (Frame et al. 2002; Zhao et al. 2004).  
8.2 Agrobacterium strain's ability to transform Syrian maize 
genotypes 
There were significant differences between the Agrobacterium strains used in 
this study. The Agrobacterium strain EHA101 had greater efficiency (6.4%) than the 
Agrobacterium strain EHA105 (3.3%) in the transformation of Syrian maize varieties. 
For the transformation of Syrian hybrids, also, the frequency of transformation using 
the strain EHA101 was higher (5.1%) than the transformation frequency resulted the 
Agrobacterium strain EHA105 (3.0%). These results agree with previous studies 
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working on different species and genotypes (Komari et al. 1996; Nadolska-Orczyk 
and Orczyk 2000; Pratheesh et al. 2012; Ombori et al. 2013; Cao et al. 2014).  
8.3 Analysis of gene expression in transgenic progenies  
8.3.1 Integration of transgenes in R0 progeny of transgenic plants 
Transient gus gene expression and distribution of blue foci was confirmed in 
putative transformed callus, root, stem and leaf of R0 progeny derived from immature 
zygotic embryos of maize infected with A. tumefaciens EHA101 harbouring the 
pTF102 plasmid. The activity of the reporter gus gene in the transformed R0 plants 
was detected histochemically using the histochemical GUS assay (Jefferson 1987; 
Wilson et al. 1995) agreeing with the literature Jefferson (1989) and Gallagher 
(2012).  
Results revealed that the majority (about 92%) of bialaphos-resistant callus 
recovered from Syrian hybrids showed positive-GUS expression (24 of 26 survived 
Calli) with an average of transformation frequency of 4.2% based on the events 
evaluated using the GUS assay. The GUS assay also confirmed that of the 21 
bialaphos-resistant recovered callus derived from Syrian varieties, 17 (81%) 
transformed calli expressed positive-GUS expression, and the frequency for varieties 
transformation averaged 4.7%. These results confirmed the integration of transgenes 
in R0 progeny of Syrian maize genotypes transformed by the A. tumefaciens 
standard binary vector system confirming the efficiency of this method for maize 
transformation and agreeing with the literature in terms of efficiency of transformation 
(Frame et al. 2002; Kelly and Kado 2002; Ishida et al. 2007; Hensel et al. 2009; Cao 
et al. 2014). Moreover, it was shown, in this study, that the use of the Gus reporter 
gene in maize transformation, was an easy utilized method to confirm the integration 
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of transgenes and thereby to assess the stable transformation by A. tumefaciens as 
reported by Gallagher (2012) and Jefferson (1989). This utility of the histochemical 
GUS assay results from the catalytic activity of β-glucuronidase (GUS gene) and can 
easily be detected with commercially available synthetic substrates containing X-
Gluc (Geddie and Matsumura 2007). 
Results demonstrated that the GUS staining patterns of the transgenic calli 
varied quantitatively and qualitatively. Samples ranged from those which strongly 
expressed GUS which often exhibited a distribution of blue colour visually in all of the 
cells to those with only a few blue staining cells.  
The variation in the GUS expression may have been the result of differences in 
the concentrations of potassium ferricyanide and potassium ferrocyanide. Therefore, 
transgenic calli that mostly expressed GUS expression in all of the cells or as a 
'patchy' distribution of blue colour exhibited with densely stained aggregates of cells 
interspersed with aggregates that faintly stained accompanied with the 
concentrations of 1.0mM potassium ferricyanide using 2.0mM X-Gluc. Also, the 
number of calli that expressed the positive-GUS gene expression was best using the 
above concentrations of potassium ferricyanide and X-Gluc. However, the highly 
significant differences (p< 0.001) between samples regarding the GUS activity using 
different concentrations of ferri/ferrocyanide confirmed that the concentration of ferri- 
and ferrocyanide potassium in the staining solution was a critical point for the 
visualization of GUS activity as discussed by Vitha (2012). It was found that the 
presence of the ferri/and ferrocyanide in the GUS staining solution accelerated the 
tissues staining and protected the final reaction product from further oxidation that 
may convert the blue colour to a yellowish colour. On the other hand, while the 
optimal concentration of the ferri/ferrocyanide provides more precise localization of 
Chapter 8 
 
287 
 
blue colour by minimization of the diffusion of the primary reaction product in tissues, 
it may at the same time inhibit the the β-glucuronidase enzyme activity (Vitha 2012). 
Therefore, the concentrations of ferricyanide and ferrocyanide are very important for 
the precision of the tissue staining in relation to the intensity of staining and the 
precision of localization. It is recommended; according this study, that the 
concentration of 1.0mM potassium ferricyanide is the optimal concentration in 
comparison with the absence of the ferri and ferrocyanide or use 1.0mM of ferri/and 
ferrocyanide each that led to low GUS activity.  
Empirical results indicated that the staining of leaf tissues was highly significantly 
affected by the vacuum infiltration of GUS staining solution (p< 0.001). 
It was found that even when Triton X-100 (a wetting agent) was present in the 
GUS solution to facilitate the penetration of X-Gluc into the cell membrane, the GUS 
staining was not sufficient to stain leaf tissues without vacuum infiltration. Non-
vacuum treated leaf tissues showed negligible GUS activity. In contrast, the leaf 
tissues that were subjected to vacuum infiltration showed strong GUS activity 
(positive-GUS expression) in transformed progenies. GUS activity was never 
observed in tissues of non-transformed control callus or plants (negative-GUS 
expression). Levels of the GUS expression in leaf tissues, as assayed with the 
vacuum infiltration, generally corresponded with the degree of staining observed with 
the histochemical GUS assay of calli without vacuum infiltration indicating that the 
low levels of GUS expression or the negative-GUS expression as detected by the 
histochemical assay of leaf tissues were caused by a lack of penetration of the GUS 
substrate into the leaf cells. 
The assumption that transgenes were not efficiently expressed without using the 
vacuum infiltration was also the basis for accepting vacuum infiltration to detect the 
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activity of the GUS gene and relatively high levels of activity when compared to non-
vacuum infiltration of transgenic materials.  
Results showed that there were no differences between samples after incubation 
at the room temperature or at 37 oC (p= 0.761) agreeing with (Witcher et al. 1998; 
Vitha 2012). 
8.3.2 Stable expression of transgenes in the R1 progeny of transgenic maize 
plants 
The bialaphos-resistant plants of R1 progeny confirmed the stability of the 
transgene integrated in transgenic plants agreeing with previous studies (Frame et al. 
2002; Gao et al. 2009; Zheng et al. 2009). Furthermore, the bialaphos-resistant 
plants that expressed positive bar gene expression in R1 progeny were also 
monitored by the histochemical GUS assay to confirm the stability of transient genes 
since in addition to the selective bar gene; the binary vector carried the reporter GUS 
gene. 
The GUS gene used in this study contained a portable intron at the start of the 
coding sequence (Vancanneyt et al. 1990) to prevent the expression of GUS activity 
in bacterial cells (Broothaerts et al. 2005). Thus, the results reported here (using the 
intron-GUS) restricted the GUS activity to transgenic plant cells that had 
incorporated and expressed the gene in transgenic clones more than the expression 
of bacteria indicating that the GUS reporter gene in the presence of an intron was 
useful to detect the expression of transgenes transferred into plant cells by the 
Agrobacterium agreeing with Ohta et al. (1990) and Broothaerts et al. (2005).  
Results also showed that the GUS assay can be used in the R1 to visually 
screen bialaphos-resistant plants to verify their transformation. The presence of the 
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GUS gene was detected in various parts of transformed plants such as leaf, male 
and female flowers of R1 progeny that underwent screening. All bialaphos-resistant 
plants had at least some GUS-expressing cells while blue cells were never observed 
in the control (non-resistant plants of bialaphos). 
The bialaphos-resistant samples observed by the GUS staining assay to detect 
the development of the blue colour were indicative of GUS expression and thereby 
for the stable gene expression in transgenic plants as stated by Frame et al. (2002) 
and Jefferson et al. (1987).  
Putative transgenic clones that yield a positive-GUS expression were 
subsequently verified by PCR amplification of the bar coding region of the pTF102 
plasmid and by the leaf spray test. Results, also, confirmed the stable transformation 
in putative transformants derived from R0 and R1 progenies by the qRT-PCR and 
standard PCR amplification of the CBF and bar gene transferred using the 
pBINPLUSARS/ PpCBF1 and pTF102 vectors respectively. These results, in 
addition to the expression of GUS activity visualized by the histochemical GUS 
assays, provided further evidence for the stable expression in the both progenies 
and that transformants were stable transgenic events in agreement with previous 
studies (Bundock et al. 1995; Ishida et al. 1996; Zeilinger 2004; Frame et al. 2011). It 
has been demonstrated in many plant transformation studies, that the transgenic 
plants of many species were molecularly confirmed by the PCR and qRT-PCR as 
stated in the literature (Falcone Ferreyra et al. 2010; Zhang et al. 2011; Ombori et al. 
2013).  
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8.4 Physiological assays to characterize abiotic stress resistance in 
transgenic Syrian maize plants 
8.4.1 Genotype response  
The R1 progeny of plants identified as transgenic were evaluated physiologically 
and for fertility under salinity stress as an easily applied abiotic stress. 
Plants strongly varied in their response to the salt stress. Results showed significant 
differences of the maximum quantum efficiency of PSII photochemistry Fv/Fm, dry 
weight, leaf area index (LAI), specific leaf area (SLA) and stem diameter between 
the transgenic and non-transgenic plants in their response to the salt stress. The 
transgenic plants were characterized by a statistically higher maximum yield of 
Fv/Fm and dry matter than non-transgenic plants indicating that salt stress affected 
the physiology of the photosynthetic apparatus as stated by (Flexas et al. 2004; Qu 
et al. 2012; Athar et al. 2015). In addition according ANOVA analysis, there were 
overall significant differences between the genotypes with the transformed plants 
being significantly superior to the non-transformed plants in their ability to 
accumulate dry matter derived from less specific leaf area values (SLA) indicating 
that the efficiency of photosynthetic apparatus was better than non-transgenic plants 
to produce dry matter agreeing with (Zhou et al. 2008). The transgenic plants were 
less affected by salt stress and significantly superior to the non-transgenic plants in 
stem diameter and LAI agreeing with (Lindsey 2015).  
The increase in dry matter accumulation affected by the leaf photosynthetic rate 
of green leaf area as reported by (Tollenaar et al. 2000; Tollenaar and Lee 2011).  
The transgenic plants succeeded to form a comparatively efficient leaf surface with a 
thick stem under the salt stress more than the non-transgenic plants confirming more 
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tolerance to salinity than the control. Thus, results revealed that the response of the 
transgenic plants to salt stress was much more effective than the control plants.   
8.4.2 Effect of degree of salt stress 
Results showed that there were highly significant differences between the 
salinity treatments regarding chlorophyll fluorescence, dry weight, leaf area index, 
specific leaf area, stem diameter and plant height. Findings reflected the sensitivity 
of plants under increasing salt stress. All traits monitored in this study for both 
genotypes (transgenic and non-transgenic) were strongly affected by salt 
concentrations. In general there was a systematic decrease in positive growth trait 
values recorded in association with increasing salt concentrations with a negative 
relationship between the treatments and the studied traits in a linear fashion.   
It has been found that in transgenic plants carrying CBF that the Arabidopsis 
CBF/DREB1A gene activated as many as 12 target genes which regulated and 
induced with an additional 13 genes after exposure to drought stress leading to the 
transgenic plant’s tolerance to stress conditions (Oh et al. 2005). Overexpression of 
transcription factors DREB/CBF (TFs), which are the main regulators of abiotic 
stress gene expression, have been reported to enhance drought tolerance in rice 
(Datta et al. 2012), in wheat (Saint Pierre et al. 2012) and in maize (Liu et al. 2013). 
Furthermore, improvements in tolerance to abiotic stress have also been reported in 
many plant species such as maize, wheat, barley and rice which induced DREB2-
type proteins under stress (Mizoi et al. 2012). 
It was likely, according to this study, that the CBF gene inserted in the salt-
tolerant transgenic plants controlled the transport of salt ions across membranes 
preventing their build-up in cytoplasm or cell walls and thus avoided salt toxicity. It 
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was confirmed that the CBF3 gene function in abscisic acid-independent stress-
response pathways in transgenic plants enhanced the tolerance to salt stress 
agreeing with Oh et al. (2005), and Xu et al. (2011) who reported that CBF3 
increased the tolerance of transgenic rice plants to high salinity and drought, and 
elevated relatively tolerance to low-temperature stresses. Shi et al. (2015) reported 
that AtCBF-mediated signalling pathway to accumulate soluble sugars such as 
sucrose in Arabidopsis thaliana which conferred resistance to abiotic and biotic 
stresses.  
8.4.3 Fertility of salt-stressed maize plants 
Results obtained in the current study emphasized that transgenic plants carrying 
the inserted anti-stress CBF gene were able to cope better with the salt stress than 
the control plants and to go on to produce seeds under the salt concentration of 200 
mM whilst control plants were completely infertile.   
 Seeds were produced from outcrossing (pollen derived from non-transformed 
plants for bio-security reasons) R1 transgenic plants exposed to treatments of salinity 
at 50, 100, and 200mM of NaCl in contrast to the controls. While the transgenic 
plants produced seeds under the treatment of 200mM NaCl with an average of 23 
kernels per ear, non-transgenic maize plants were infertile under the treatments of 
salinity higher than 50mM. Non-transgenic plants grown in soil irrigated with 50mM 
NaCl produced 22 kernels per ear compared to 49 kernels per ear of transgenic 
plants. At the control level (without salt addition), the average number of seeds 
harvested from the transgenic and non-transgenic plants was 43 and 49 kernels per 
ear respectively. These results revealed that the transgenic plants expressed the 
anti-stress gene under the salt stress and the transgenic Syrian maize varieties had 
appreciable tolerance. This tolerance to salinity has the potential to improve crop 
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productivity in salty lands. These results demonstrated that the genetic modification 
by modulation of the expression of the anti-stress genes that encode for enzymes 
involved in the biosynthesis of proteins and transcription factors, could possibly be 
used to produce abiotic stress-tolerant crops as referred to in previous studies (Xu et 
al. 1996; Sivamani et al. 2000; Zhang and Blumwald 2001; Quan et al. 2004a; Oh et 
al. 2005; Huang et al. 2008; Marco et al. 2015). 
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8.5 Conclusion 
Despite intensive efforts in the plant genetic transformation, which is an 
important tool to produce abiotic stress-resistant plants, many agronomically 
important plant species such as maize still remain recalcitrant to Agrobacterium 
tumefaciens-mediated transformation, one of the most important methods of plant 
transformation. In this study, an efficient protocol of transformation by A. 
tumefaciens-mediated maize transformation was empirically developed to transform 
Syrian genotypes (varieties and hybrids) in an attempt to verify whether the Syrian 
genotypes have any suitability for transformation by Agrobacterium-mediated 
transformation or not. It was found that the transformation and generation of 
transgenic plants can be genotype dependent and it can be difficult to generate 
transgenic plants from genotypes that are recalcitrant to Agrobacterium-mediated 
transformation in agreement with Zheng et al. (2009). The approach of co-infection 
of immature maize embryos via the both Agrobacterium strains EHA101, harbouring 
the standard binary vector pTF102, and by the strain EHA105, containing the 
pBINPLUSARS/PpCBF1 vector, succeeded in the efficient transformation and 
generation of Syrian maize genotypes in this study and this is the first recorded 
success in the literature with such genotypes.  
In order to maintain and care for the recombinant Agrobacterium strains used in 
this study containing the introduced plasmid, which have a tendency to be lost their 
plasmid and convert to wild type; glycerol stocks were prepared and subsequently 
Agrobacterium maintained with appropriate antibiotics in the freezer for future use as 
a pure transgenic culture. Moreover, the optimum time of incubation, pH, 
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temperature and the composition of the medium containing the appropriate 
antibiotics were investigated to initiate the transformation experiments with the 
maximum of harvest bacteria cells. Such maintenance of Agrobacterium strains 
needs then to be combined with precise techniques of co-cultivation of A. 
tumefaciens and immature embryos maize tissue cultures and the inoculation with 
active cells of Agrobacterium grown within the optimized conditions. Care and 
precision with the protocol is an absolute requirement for the repetition of the 
transformation efficiencies obtained in this study. 
Transformants of Syrian genotypes were efficiently produced using callus 
derived from immature somatic embryos transformed by A. tumefaciens strains 
EHA101 and EHA105. Transformation frequencies (independent transgenic calli/ 
infected embryos (x100)) were between 5.1 and 6.4% for hybrid and varieties using 
the Agrobacterium EHA101/pTF102, and averaged between 3.0 and 3.3% in the 
transformation of hybrids and varieties using the Agrobacterium EHA105/CBF 
respectively. Thus, the efficiency of Agrobacterium-mediated maize transformation 
varied in transformation of the Syrian genotypes. The A. tumefaciens strain EHA101 
containing the pTF102 plasmid was almost up to 2-fold more efficient than the A. 
tumefaciens strain EHA105 containing the construct PpCBF1 in transformation of 
Syrian genotypes. This variation in the Agrobacterium efficiency is either caused by 
the susceptibility of the plant cells to transfer the transgenes, or by the virulence of 
the Agrobacterium strain resulted from virulence gene containing in the 
Agrobacterium (Gelvin 2000, 2003; Hwang and Gelvin 2004). However, results 
showed that the efficiency of transformation was genotype-dependent. Syrian 
varieties showed more transformation amenability by A. tumefaciens than hybrids 
that were more difficult to be transformed.  
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Co-infection of immature embryos sized 1.5-2.0 mm with Agrobacterium 
significantly increased the percentage of callus induction to 76%. Meanwhile, the 
percentage of callus weight was decreased from 11.7 g of calli derived from IEs 
sized >2.00 mm to 8.2 g in comparison with the callus weight derived from immature 
embryos 1.5 - 2.0 mm.  
Despite all of these variations, the efficiencies obtained were equivalent to those 
quoted in the literature for many species including previously tested “efficient” maize 
cultivars such as Hi II, and encouragement is drawn from these results. 
The selected putative transgenic callus events were subsequently regenerated 
to plants and successfully transferred to the growth room growing in soil. The 
regeneration frequency of Syrian genotypes ranged between 17 and 59.2% for 
hybrids and varieties respectively. These regeneration frequencies provide a basis 
for the success of Syrian maize transformation. 
Stable transformation in R0 and R1 progenies was confirmed by the 
histochemical GUS assay demonstrating that the application of the GUS assay 
technique for an identification of transgenic clones by detection of the transgenes 
expression in maize plants was useful. The histochemical GUS staining of transgenic 
callus, shoots, leaves, root and floral parts which expressing the β-
glucuronidase (GUS) reporter gene containing an intron under the transcriptional 
control of the Cauliflower Mosaic Virus (CaMV) 35S promoter, confirmed the 
transient expression gene in the R0 and R1 progenies. Moreover, results showed that 
the staining of leaf tissues was significantly affected by vacuum infiltration. A positive 
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correlation between the vacuum infiltration of leaf samples and a detection of GUS- 
positive expression in transgenic plants was also confirmed.   
Molecular analysis of the R0 and R1 progenies provided strong evidence of the 
incorporation of transgenes into the maize genome. Integration of the bar and CBF 
genes in the R0 progeny was confirmed by the PCR amplification of genomic DNA of 
transgenic events. Furthermore, the data from PCR analysis of R1 progeny 
supported the findings of the GUS assay analyses confirming the stable 
transformation in R1 plants, and revealing that the transgenes were inherited to the 
R1 progeny. Similar results of qRT-PCR also confirmed the presence and stable 
expression of the CBF and bar transgenes in the maize genome of R1 progeny of 
transgenic plants compared with control plants.  
In summary, this research programme has produced transgenic maize plants of 
Syrian genotypes using A. tumefaciens-mediated transformation. Transgenic plants 
were regenerated from mature somatic embryos and plantlets transferred to soil 
approximately 17 to 25 weeks after inoculation of immature somatic embryos. 
Moreover, transgenic seeds of R0 and R1 progenies were harvested from outcrossing 
of transgenic plants (as female) with non-transformed plants (as male). Most of these 
outcrosses (74%) produced seeds and more than 98% of transgenic plants were 
normal in morphology. 
Finally, it has been demonstrated in this study that A. tumefaciens-mediated 
maize transformation using a standard binary vector system is reproducible although 
genotype variability in transformation efficiency existed. It was demonstrated that this 
transformation system can be used to introduce genes of interest (anti-stress genes) 
into Syrian maize genomes for genetic improvement to abiotic-stress. Transgenic 
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CBF maize plants were produced using the Agrobacterium EHA105/PpCBF1. The 
transgenic CBF Syrian maize varieties expressed more tolerance ability of salinity 
than control plants.  
Since Agrobacterium-mediated transformation using the protocol described in 
this study succeeded in the transformation of Syrian maize genotypes, it is possible 
to recommend this approach to transform other Syrian maize genotypes. This study 
constitutes an essential fundament for Syrian maize breeding programmes and 
applied research aiming to improve Syrian maize against drought, salinity and cold 
stresses.  
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Future perspectives and recommendations  
9.1 Evaluation and selection of abiotic stress-resistant transgenic 
maize plants 
The physiology and agronomic management of transgenic salt-tolerant Syrian 
maize genotypes produced in this study are required. Thereby, field studies 
containing the physiological and productivity traits should be conducted for 3 to 7 
years in Syria, where the new transgenic genotypes would be adopted, before the 
full acceptance of these transgenic plants into the maize breeding programmes. The 
morphology or architecture of the transgenic plants such as: plant height, length and 
width of leaves, number of leaves, number of ears per plant, ear position, maturation 
cycles, number of rows/cob, number of grains per row and 1000 kernel weight 
should be considered in comparison with the non-transgenic local varieties. 
9.2 Future recommendations for conservation of transgenic Syrian 
genotypes and yield improvement  
 Provide training courses in maize breeding and crop management research to 
help the local farmers exploit the full potential of improved genotypes while 
conserving soil and water resources by providing them the information 
needed for optimum utilization of transgenic maize varieties. 
 Collaborations between national (government), non-government organizations 
and international agricultural research institutions should be conducted to 
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tackle the problem either on a regional or global scale by providing farmers 
diverse, high-yielding maize varieties that withstand abiotic stress. 
 The specific genetic characteristics of Syrian genotypes, which are adapted 
locally to specific ecological zones and so developed morphological 
characteristics, can be attained by backcrossing with transgenic genotypes 
through breeding programmes.  
9.3 Studying the ability of Syrian maize transformation with anti-
stress genes 
Genetic modification of maize with anti-stress genes is very important, and by 
this technology, the demand for production of abiotic stress-resistant genotypes can 
be met. However, a range of transformation methods is available to help achieve the 
efficient transformation and specific pattern of transgene expression required, but 
there are still some challenges in this technology. A key remaining challenge is the 
genotype dependence of Syrian maize to be transformed and regenerated by this 
technology. This reluctance of regeneration continues to restrict the application of 
transformation technologies. It is necessary to address the issue of genotype-
dependent transformation and to improve the efficiency of transformation by 
understanding and manipulating maize plant genes in both the genotype 
susceptibility to transformation via Agrobacterium tumefaciens and in the plant 
regeneration process (Harwood 2012).  
The utility of Agrobacterium-mediated transformation as a “tool” for plant genetic 
engineering may help to produce abiotic stress-resistant genotypes of Syrian maize 
but further improvements in transformation technology of maize will necessarily 
involve the manipulation of fundamental biological processes of transforming and 
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regeneration of the specific genotypes that are locally adapted to Syrian agricultural 
systems within the environment conditions. 
 
- More research is needed to determine whether inbred lines of Syrian maize (a 
cornerstone of maize breeding programmes) may have any possibility to be 
transformed by the Agrobacterium-mediated transformation and if so, do they 
have optimal regeneration frequencies or not? It is also important to 
investigate the ability of other explant of maize like pollen to be transformed 
via Agrobacterium-mediated transformation. 
Use the Agrobacterium-mediated transformation to introduce other anti-stress 
genes such as: APX, a gene for ascorbate peroxidase (APX) contained in an 
expression vector (pCGN1578) in EHA101, and SOD; a gene for superoxide 
dismutase contained in A. tumefaciens strain EHA105 harbouring the 
pBINPLUS/ARS vector.  
Furthermore, as maize is highly vulnerable to high temperature and it is mostly 
cultured during the spring in warm areas of Syria, a heat shock protein (HSP) gene 
could be selected as the gene of interest in the construction of a binary vector to 
enhance heat tolerance characteristic. HSPs, HSP101 has been reported to have a 
specific effect on increase of thermos-tolerance in several different organisms (Hong 
and Vierling 2000; Katiyar-Agarwal et al. 2003; Abdeeva et al. 2012; Ravanfar and 
Aziz 2015). 
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Appendix 1: 
Publications, presentation and conferences attended 
Publications 
Almerei A, Lane S, Fuller MP.(2014). “Genetic Transformation of Immature Zygotic 
Embryos of Maize Genotypes via Agrobacterium tumefaciens”. Life Science 
Journal 11 (11): 966-975.  
Presentation and Conferences Attended 
Oral Presentations 
 Almerei A, Lane S and Fuller MP. “Protocol for the genetic transformation of 
immature zygotic embryos of maize using Agrobacterium tumefaciens”. The 
Postgraduate Society short conference, University of Plymouth, 14th March 
2012.  
 Almerei A, Lane S and Fuller MP. “Callus induction from maize immature 
zygotic embryos of Syrian germplasm for Agrobacterium tumefaciens-
mediated transformation”. SCI BioResources Conference- Crop Productivity, 
Sustainability and Utility, Univ. Reading, 03 July, 2012.  
 Almerei A, Lane S and Fuller MP. “Agrobacterium-mediated transformation 
of maize with anti-stress genes”. PG symposium at Duchy Agriculture 
College, UK, 5th July 2012.  
 Almerei A, Lane S and Fuller MP. “Genetic transformation of maize 
immature embryos using Agrobacterium tumefaciens”. School of Biological 
Sciences, University of Plymouth, 23rd January 2013. 
 Almerei A, Lane S and Fuller MP. “Callus Induction Using Maize Embryos 
for Agrobacterium Tumefaciens-Mediated Transformation". The 8th 
International Symposium on In Vitro Culture and Horticultural Breeding, 
Department of Life Sciences, University of Coimbra, Portugal, 2nd -7th June 
2013.  
 Almerei A, Lane S and Fuller MP. “Exploiting genetic transformation  
for abiotic stress-tolerant maize breeding”. SCI Young Researchers in 
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Agrisciences conference 2013; Crop production, protection and utilisation, 
University of Reading, 2nd July 2013. 
 Almerei A, Lane S and Fuller MP. “Agrobacterium mediated genetic 
modification of Syrian maize varieties with anti-stress genes”. The Centre for 
Agricultural and Rural Sustainability (CARS) 4th Postgraduate Symposium 
2013, Duchy College Rosewarne, Cornwall, UK, 11 November 2013.  
 
Poster presentations 
 Almerei A, Lane S and Fuller MP. The SEB Conference Glasgow, UK, 02nd 
July 2011. 
 Almerei A, Lane S and Fuller MP. The SCI Members' forum Poster 
competition, SCI HQ, London, UK. 28 November 2012.  
 Almerei A, Lane S and Fuller MP. “Genetic transformation using Syrian 
maize immature zygotic embryos”. The Centre for Agricultural and Rural 
Sustainability (CARS) PG Symposium, 10th December 2012. 
 Almerei A, Lane S and Fuller MP. The Postgraduate society conference, 
University of Plymouth, 11 March 2013. 
 Almerei A, Lane S and Fuller MP. The second annual ISSR Sustainability 
Research Event, institute for sustainability solutions research, university of 
Plymouth, 29 April 2013.  
 Almerei A, Lane S and Fuller MP. The SEB Main Meeting 2013, Valencia, 
Spain, 3rd – 6th July 2013.  
 Almerei A, Lane S and Fuller MP. A short flash presentation. The SEB Main 
Meeting 2013, Valencia, Spain, 3rd - 6th July 2013. “Exploiting genetic 
transformation for abiotic stress-tolerant maize breeding”. 
 Almerei A, Lane S and Fuller MP. “Biocontrol and challenges of maize 
production in glasshouses”. The Postgraduate Society Conference, 27th 
November 2013.  
 Almerei A, Lane S and Fuller MP. The Challenge Accepted! Creating 
Solutions for Horizon 2020 - the ISSR 3rd Annual Research Event, University 
of Plymouth, 02nd May 2014. 
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 Almerei A, Lane S and Fuller MP. The Postgraduate Society Conference 
27th November 2013. “Biocontrol and challenges of maize production in 
glasshouses”. 
 
Training Courses & Workshops 
 General Teaching Associate (GTA), University of Plymouth, April 2011. 
 The conference: (GM Crops: From Basic Research to Application), 
Rothamsted research, Harpenden, UK, 28-29 June 2011. 
 Pipetting Academy workshop, Alpha Laboratories, University of Plymouth. 03 
May, 2012. 
 Cryogenic Gases Safety Awareness Workshop. 25 June 2012. 
 Vice-Chancellor’s teaching and learning conference 2012, 6th July 2012 at 
Plymouth University. 
 The Faculty’s Science Showcase event on the Hoe on September 11th 2012.   
 PG Society conference, 17th June 2014. 
 A workshop on the new GE gel documentation system (using ImageQuant 
LAS 4000) at Plymouth University was attended, on Tuesday 3rd December 
2014. 
 
Grant and award applications 
 The 1st place Oral Presentation Presenter was awarded, The Postgraduate 
Society conference, University of Plymouth, 14th March 2012  
 Travel bursary awards from: SCI, this was published at 
http://www.soci.org/News/Awards/Messel/Ayman-Almerei in Sep 2013. And 
from the Society for Experimental Biology SEB, 2011 and 2013. And from the 
Association of Applied Biologists AAB. 
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Appendix 2: 
Data relevant to chapter 6, sequencing of genomic DNA and 
identification of transgenes 
Determination the quality and quantity of genomic DNA 
 
 
Figure 1. The quality and concentration (ng μl-1) of purified genomic DNA products 
extracted from Hi II measured by Nano-Drop® UV spectrophotometer (Chapter 6). 
 
Figure 2. The quality and concentration (ng μl-1) of purified DNA plasmid 
pTF102 measured by Nano-Drop® UV spectrophotometer (Chapter 6). 
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Figure 3. The concentration (ng μl-1) and quality of purified genomic DNA, and DNA 
plasmid construct (PpCBF1) which measured by Nano-Drop® UV spectrophotometer. 
 
DNA agarose gel electrophoresis 
Prepare a Stock Solution of Tris-acetate-EDTA (TAE) buffer used for agarose gel 
electrophoresis in the analyses of DNA products. 
 
TAE Buffer:  50x stock solution, can be stored at room temperature. 
Tris-base (FW= 121.14)     242g 
Glacial acetic acid              57.1mL 
EDTA (0.5M)                     100mL (Ph 8.0). 
The final volume of solution was adjusted to 1 liter with water. 
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Figure 4. Detection of the DNA quality of non-amplification genomic DNA, and DNA 
plasmids visualized by the gel electrophoresis.  
 
Identification of transgene by DNA sequencing 
Genomic DNA sequencing of transient gene CBF using gene-specific primer 
CBF-r by GATC-Biotech at http://www.gatc-biotech.com:  
ttgtcaTcaCCtnggCaTaTCaAACATTtCCTCCTCATCCAAATAAAACAAGTtTaATctgctgCAGCTTTTTCCCATATC
CACAatAGCCTgCTTCTTCTTCTTCTCTTCCACCACAACCATTCTCTCCTTCTCATCActgCTGCCGctgGAAACCCC
ACCGAACTCCACCGgtctgAACCCTTCAGCGGCCTCCGCAGctGCCCTctgGATATCCATgGAATCCAAGGATGCC
GCGACCGGCAGCCGCCAACCCGAGTCAGCAAAGTTGAGGCAGGCAAGCTTCCCTTTAAAAGCCAATGCCGCC
ACGTCATGGGCACGAGCAGCCATCTCAGCCGTAGGATAGGTCCCGAGCCAAATCCCGGACTTCTTCTTGTTGG
GCTGTCTCAACTCACACACCCACTTGTTGTTGTCTCTCCTCCTCACACCCCTATAAACCGGGTGCCTCGTcTCTTT
GAAAACCTTCCTTCCCGCGCGCTTCTTCGGACTGCTCGACGCCAGTATGACGTCCGAAGTGCGTAAGGTGCTC
ACGCTTGCGTCGGATGACGAACTCGACCTGGGCTGGTCGGCCGAGTCAGCAACCTGAGCGAAGATCATGTcC
ATGACCAnaaa 
 
DNA sequencing of CBF-plasmid (PpCBF1) using gene-specific primer CBF-f 
by GATC-Biotech at http://www.gatc-biotech.com  
>12979951.seq - ID: CBF-CBF Fo on 2014/2/11-16:37:49 automatically edited with PhredPhrap, start 
with base no.: 21  Internal Params: Windowsize: 20, Goodqual: 19, Badqual: 10, Minseqlength: 50, 
nbadelimit: 1 
gccngGTCGaGTTCGtCATCCGACgcaAGCGTGAGcaCCTTACGCACTTCGgACGTCATACTGGCGTCGAGCAGT
CCGAAGAAGCGCGCGGGAAGGAAGGTTTTCAAAGAGACGAGGCACCCGGTTTATAGGGGTGTGAGGAGGA
GAGACAACAACAAGTGGGTGTGTGAGTTGAGACAGCCCAACAAGAAGAAGTCCGGGATTTGGCTCGGGACC
TATCCTACGGCTGAGATGGCTGCTCGTGCCCATGACGTGGCGGCATTGGCTTTTAAAGGGAAGCTTGCCTGCC
TCAACTTTGCTGACTCGGGTTGGCGGCTGCCGGTCGCGGCATCCTTGGATTCCATGGATATCCAGAGGGCAGC
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TGCGGAGGCCGCTGAAGGGTTCAGACCGGTGGAGTTCGGTGGGGTTTCCAGCGGCAGCAGTGATGAGAAGG
AGAGAATGGTTGTGGTGGAAGAGAAGAAGAAGAAGCAGGCTATTGTGGATATGGGAAAAAGCTGCAGCAG
ATTAAACTTGTTTTATTTGGATGAGGAGGAAATGTTTGATATGCCAAGGTTGATTGACAACATGGCTGAAGGG
CTTCTTCTTTCTCCACCCCAAtGCTTAGctaaAA 
DNA sequencing of the pTF102 plasmid using bar gene primer, partial 
sequencing obtained from GATC-Biotech at http://www.gatc-biotech.com. 
>12979949.seq - ID: bar-bar Fo on 2014/2/11-16:34:11 automatically edited with PhredPhrap, start 
with base no.: 20  Internal Params: Windowsize: 20, Goodqual: 19, Badqual: 10, Minseqlength: 50, 
nbadelimit: 1 
ganCgtGGtCgcTGTcaTCGGGCTGCCcnACGACCCGAGCGTGCGCATGCACGAGGCGCTCGGATATGCCCCCC
GCGGCATGCTGCGGGCGGCCGGCTTCAAGCACGGGAACTGGCATGACGTGgg 
Genomic DNA sequencing of the bar gene extracted from Hi II transgenic 
maize plants, partial sequencing obtained from GATC-Biotech at 
http://www.gatc-biotech.com. 
>13019269.seq - ID: barHi-bar Fo on 2014/2/13-1:54:45 automatically edited with PhredPhrap, start 
with base no.: 75  Internal Params: Windowsize: 20, Goodqual: 19, Badqual: 10, Minseqlength: 50, 
nbadelimit: 1 
CGAgGcgCtcggatATGCCCCCCGcGGcATGCTGCGggCGGCCGGCTTCAAGCacgggaACTGgCATGAcgngngtTt 
                      ----------------------------------------------------------------------- 
NCBI-BLAST database results 
BLAST results of genomic DNA sequencing of bar gene using the basic local 
alignment search tool (BLAST) software of NCBI-nucleotide blast at 
http://www.ncbi.nlm.nih.gov. 
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Streptomyces hygroscopicus strain A10 phosphinothricin acetyl transferase (bar) 
gene, complete cds 
GenBank: JQ293091.1 
FASTA Graphics 
LOCUS       JQ293091                 555 bp    DNA     linear   BCT 15-FEB-2012 
DEFINITION  Streptomyces hygroscopicus strain A10 phosphinothricin acetyl 
            transferase (bar) gene, complete cds. 
ACCESSION   JQ293091 
VERSION     JQ293091.1  GI:375153555 
KEYWORDS    . 
SOURCE      Streptomyces hygroscopicus 
  ORGANISM  Streptomyces hygroscopicus 
            Bacteria; Actinobacteria; Streptomycetales; Streptomycetaceae; 
            Streptomyces. 
REFERENCE   1  (bases 1 to 555) 
  AUTHORS   Kumar,A., Jolly,M. and Sachdev,A. 
  TITLE     Bar gene: A selectable marker for herbicide resistance 
selection in plant transformation 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 555) 
  AUTHORS   Kumar,A., Jolly,M. and Sachdev,A. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (16-DEC-2011) Division of Biochemistry, IARI, Pusa 
            Campus, West Patel Nagar, New Delhi, Delhi 110012, India 
FEATURES             Location/Qualifiers 
     source          1..555 
                     /organism="Streptomyces hygroscopicus" 
                     /mol_type="genomic DNA" 
                     /strain="A10" 
                     /db_xref="taxon:1912" 
                     /country="India" 
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                     /PCR_primers="fwd_name: bar fp, fwd_seq: 
                     atgagcccagaacgacgccc, rev_name: bar rp, rev_seq: 
                     tcatcagatctcggtgacggg" 
     gene            1..552 
                     /gene="bar" 
     CDS             1..552 
                     /gene="bar" 
                     /function="acetylates phosphinothricin" 
                     /codon_start=1 
                     /transl_table=11 
                     /product="phosphinothricin acetyl transferase" 
                     /protein_id="AFA36668.1" 
                     /db_xref="GI:375153556" 
                     
/translation="MSPERRPADIRRATEADMPAVCTIVNHYIETSTVNFRTEPQEPQ 
                     
EWTDDLVRLRERYPWLVAEVDGEVAGIAYAGPWKARNAYDWTAESTVYVSPRHQRTGL 
                     
GSTLYTHLLKSLEAQGFKSVVAVIGLPNDPSVRMHEALGYAPRGMLRAAGFKHGNWHD 
                     VGFWQLDFSLPVPPRPVLPVTEI" 
ORIGIN       
        1 atgagcccag aacgacgccc ggccgacatc cgccgtgcca ccgaggcgga catgccggcg 
       61 gtctgcacca tcgtcaacca ctacatcgag acaagcacgg tcaacttccg taccgagccg 
      121 caggaaccgc aggagtggac ggacgacctc gtccgtctgc gggagcgcta tccctggctc 
      181 gtcgccgagg tggacggcga ggtcgccggc atcgcctacg cgggcccctg gaaggcacgc 
      241 aacgcctacg actggacggc cgagtcgacc gtgtacgtct ccccccgcca ccagcggacg 
      301 ggactgggct ccacgctcta cacccacctg ctgaagtccc tggaggcaca gggcttcaag 
      361 agcgtggtcg ctgtcatcgg gctgcccaac gacccgagcg tgcgcatgca cgaggcgctc 
      421 ggatatgccc cccgcggcat gctgcgggcg gccggcttca agcacgggaa ctggcatgac 
      481 gtgggtttct ggcagctgga cttcagcctg ccggtaccgc cccgtccggt cctgcccgtc 
      541 accgagatct gatga 
// 
 
BLAST results of DNA sequencing of bar plasmid using the basic local 
alignment search tool (BLAST) software of NCBI-nucleotide blast at 
http://www.ncbi.nlm.nih.gov. 
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BLAST results of DNA sequencing of CBF transgene using the basic local 
alignment search tool (BLAST) software of NCBI-nucleotide blast at 
http://www.ncbi.nlm.nih.gov. 
 
 
 
Prunus persica cultivar Shanghaishuimi C-repeat binding factor (CBF) gene, complete cds 
Sequence ID: gb|JX464668.1|Length: 955Number of Matches: 1 
Related Information 
Range 1: 79 to 688 GenBank     Graphics  
Score Expect Identities    Gaps 
                                  
Strand 
1099 bits(595) 0.0 605/610(99%)   2/610(0%)                             Plus/Minus 
Query  1    TTGTC-ATC-ACCTNGGCATATCAAACATTTCCTCCTCATCCAAATAAAACAAGTTTAAT  58 
            ||||| ||| |||| ||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  688  TTGTCAATCAACCTTGGCATATCAAACATTTCCTCCTCATCCAAATAAAACAAGTTTAAT  629 
 
Query  59   CTGCTGCAGCTTTTTCCCATATCCACAATAGCCTGCTTCTTCTTCTTCTCTTCCACCACA  118 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  628  CTGCTGCAGCTTTTTCCCATATCCACAATAGCCTGCTTCTTCTTCTTCTCTTCCACCACA  569 
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Query  119  ACCATTCTCTCCTTCTCATCACTGCTGCCGCTGGAAACCCCACCGAACTCCACCGGTCTG  178 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  568  ACCATTCTCTCCTTCTCATCACTGCTGCCGCTGGAAACCCCACCGAACTCCACCGGTCTG  509 
 
Query  179  AACCCTTCAGCGGCCTCCGCAGCTGCCCTCTGGATATCCATGGAATCCAAGGATGCCGCG  238 
            ||||||||||||||||||||||||||||||||||||||||||||||||| |||||||||| 
Sbjct  508  AACCCTTCAGCGGCCTCCGCAGCTGCCCTCTGGATATCCATGGAATCCATGGATGCCGCG  449 
 
Query  239  ACCGGCAGCCGCCAACCCGAGTCAGCAAAGTTGAGGCAGGCAAGCTTCCCTTTAAAAGCC  298 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  448  ACCGGCAGCCGCCAACCCGAGTCAGCAAAGTTGAGGCAGGCAAGCTTCCCTTTAAAAGCC  389 
 
Query  299  AATGCCGCCACGTCATGGGCACGAGCAGCCATCTCAGCCGTAGGATAGGTCCCGAGCCAA  358 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  388  AATGCCGCCACGTCATGGGCACGAGCAGCCATCTCAGCCGTAGGATAGGTCCCGAGCCAA  329 
 
Query  359  ATCCCGGACTTCTTCTTGTTGGGCTGTCTCAACTCACACACCCACTTGTTGTTGTCTCTC  418 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  328  ATCCCGGACTTCTTCTTGTTGGGCTGTCTCAACTCACACACCCACTTGTTGTTGTCTCTC  269 
 
Query  419  CTCCTCACACCCCTATAAACCGGGTGCCTCGTCTCTTTGAAAACCTTCCTTCCCGCGCGC  478 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  268  CTCCTCACACCCCTATAAACCGGGTGCCTCGTCTCTTTGAAAACCTTCCTTCCCGCGCGC  209 
 
Query  479  TTCTTCGGACTGCTCGACGCCAGTATGACGTCCGAAGTGCGTAAGGTGCTCACGCTTGCG  538 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  208  TTCTTCGGACTGCTCGACGCCAGTATGACGTCCGAAGTGCGTAAGGTGCTCACGCTTGCG  149 
 
Query  539  TCGGATGACGAACTCGACCTGGGCTGGTCGGCCGAGTCAGCAACCTGAGCGAAGATCATG  598 
            |||||||||||||||||||||||||||||||||||||||| ||||||||||||||||||| 
Sbjct  148  TCGGATGACGAACTCGACCTGGGCTGGTCGGCCGAGTCAGAAACCTGAGCGAAGATCATG  89 
 
Query  599  TCCATGACCA  608 
            |||||||||| 
Sbjct  88   TCCATGACCA  79 
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BLAST results of DNA sequencing of CBF plasmid using the basic local 
alignment search tool (BLAST) software of NCBI-nucleotide blast at 
http://www.ncbi.nlm.nih.gov. 
 
Prunus persica cultivar Loring C-repeat binding factor mRNA, complete cds 
Sequence ID: gb|HM992943.1|Length: 976Number of Matches: 1 
Related Information 
Range 1: 53 to 654  GenBank  Graphics   
Score Expect Identities Gaps Strand 
1112 bits(602) 0.0 602/602(100%) 0/602(0%) Plus/Plus 
Query  5    GGTCGAGTTCGTCATCCGACGCAAGCGTGAGCACCTTACGCACTTCGGACGTCATACTGG  64 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  53   GGTCGAGTTCGTCATCCGACGCAAGCGTGAGCACCTTACGCACTTCGGACGTCATACTGG  112 
 
Query  65   CGTCGAGCAGTCCGAAGAAGCGCGCGGGAAGGAAGGTTTTCAAAGAGACGAGGCACCCGG  124 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  113  CGTCGAGCAGTCCGAAGAAGCGCGCGGGAAGGAAGGTTTTCAAAGAGACGAGGCACCCGG  172 
 
Query  125  TTTATAGGGGTGTGAGGAGGAGAGACAACAACAAGTGGGTGTGTGAGTTGAGACAGCCCA  184 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  173  TTTATAGGGGTGTGAGGAGGAGAGACAACAACAAGTGGGTGTGTGAGTTGAGACAGCCCA  232 
 
Query  185  ACAAGAAGAAGTCCGGGATTTGGCTCGGGACCTATCCTACGGCTGAGATGGCTGCTCGTG  244 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  233  ACAAGAAGAAGTCCGGGATTTGGCTCGGGACCTATCCTACGGCTGAGATGGCTGCTCGTG  292 
 
Query  245  CCCATGACGTGGCGGCATTGGCTTTTAAAGGGAAGCTTGCCTGCCTCAACTTTGCTGACT  304 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
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Sbjct  293  CCCATGACGTGGCGGCATTGGCTTTTAAAGGGAAGCTTGCCTGCCTCAACTTTGCTGACT  352 
 
Query  305  CGGGTTGGCGGCTGCCGGTCGCGGCATCCTTGGATTCCATGGATATCCAGAGGGCAGCTG  364 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  353  CGGGTTGGCGGCTGCCGGTCGCGGCATCCTTGGATTCCATGGATATCCAGAGGGCAGCTG  412 
 
Query  365  CGGAGGCCGCTGAAGGGTTCAGACCGGTGGAGTTCGGTGGGGTTTCCAGCGGCAGCAGTG  424 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  413  CGGAGGCCGCTGAAGGGTTCAGACCGGTGGAGTTCGGTGGGGTTTCCAGCGGCAGCAGTG  472 
 
Query  425  ATGAGAAGGAGAGAATGGTTGTGGTGGAAGAGAAGAAGAAGAAGCAGGCTATTGTGGATA  484 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  473  ATGAGAAGGAGAGAATGGTTGTGGTGGAAGAGAAGAAGAAGAAGCAGGCTATTGTGGATA  532 
 
Query  485  TGGGAAAAAGCTGCAGCAGATTAAACTTGTTTTATTTGGATGAGGAGGAAATGTTTGATA  544 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  533  TGGGAAAAAGCTGCAGCAGATTAAACTTGTTTTATTTGGATGAGGAGGAAATGTTTGATA  592 
 
Query  545  TGCCAAGGTTGATTGACAACATGGCTGAAGGGCTTCTTCTTTCTCCACCCCAATGCTTAG  604 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  593  TGCCAAGGTTGATTGACAACATGGCTGAAGGGCTTCTTCTTTCTCCACCCCAATGCTTAG  652 
 
Query  605  CT  606 
            || 
Sbjct  653  CT  654 
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Amplification plots of transgenes using (qRT-PCR) 
 
 
 
Figure 5. Amplification plots of endogenous single copy gene chi gene (a), and 
transgenes; cbf gene (b) and the bar gene (c).  
 
 
 
 
 
GUS assay solutions:  
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1. GUS+ buffer staining solution, (made fresh immediately prior to use).  
 
2. Prepare a stock solution of 0.1M X-Gluc, (stored at -80
o
C). 
  
Concentration 
                                                        Stock                     Want           Per 1 ml final volume 
X-Gluc                                             521.8 FW                    0.1M                                 52 mg  
Methanol or Dimethyl Sulfoxide (DMSO)                                                                    1.0 ml  
 
3. Prepare stocks of 50 mM Potassium Ferri/ferroCyanide. The stock was stored at 
RT but for long term; storage at -20
o
C was recommended.  
 
Concentration 
                                               Stock                          Want                  Per 5 ml final volume 
Potassium ferrocyanide         422.39 FW                     50 mM                                 105.6 mg  
H
2
O                                                                                                                   added to 5 ml  
Potassium FerriCyanide         329.26 FW                    50 mM                                 82.3 mg  
    (K
3
Fe(CN)
6
)       
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Appendix 3: 
Data relevant to chapter 7, characterisation of abiotic-stress resistance of 
transformed plants 
Table 1. Compare 5% and 1% LSD with the differences between the pairs of means of 
Fv/Fm, and make a decision as to which pairs are significantly different*. 
 
*The salinity concentrations are compatible with the percentage of sea water 
adjusted with distilled water. (Salinity concentration 10% of saline equals 50mM).   
 
Table 2. Compare 5% and 1% LSD with the differences between the pairs of means of 
dry weight and make a decision as to which pairs are significantly different. 
 
 
 
 
Between   Difference > 0.05
signif @ 
5% ?
Between   Difference >0.07 signif @ 1% ?
Non- Trans. & Trans. Plants
50 Slinity 10% 0.01 No − Slinity 30% 0.32 Yes 
100 Salinity 20% -0.01 No −
150 Salinity 30% 0.32 Yes  Salinity 40% 0.18 Yes 
200 Salinity 40% 0.18 Yes  Salinity 50% 0.15 Yes 
250 Salinity 50% 0.15 Yes 
300 Salinity 60% -0.03 No −
350 Salinity 70% 0.04 No −
500 mM Salinity 100% -0.04 No −
control -0.01 No −
Non- Trans. & 
Trans. Plants
Tret. 
Concentrations
Between   Difference > 2.96 signif @ 5% ? Between   Difference >3.97 signif @ 1% ?
Non- Trans. & Trans. Plants
Slinity 10% 13.12 Yes  Slinity 10% 13.117 Yes 
 Salinity 20% 8.05 Yes   Salinity 20% 8.05 Yes 
Salinity 30% 11.7 Yes  Salinity 30% 11.7 Yes 
Salinity 40% 4.05 Yes  Salinity 40% 4.05 Yes 
Salinity 50% 0.05 No − Salinity 50% 0.05 No −
Salinity 60% -0.667 No − Salinity 60% -0.667 No −
Salinity 70% 1.533 No − Salinity 70% 1.533 No −
Salinity 100% -0.45 No − Salinity 100% -0.45 No −
Non- Trans. & 
Trans. Plants
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Table 3. Compare (5 and 1)% LSD with the differences between the pairs of means of 
specific leaf area and make a decision as to which pairs are significantly different 
 
Table 4. Compare (5 and 1)% LSD with the differences between the pairs of means of 
plant height and make a decision as to which pairs are significantly different 
 
 
Table 5. Compare (5 and 1%) LSD with the differences between the pairs of means of 
stem diameter of plant and make a decision as to which pairs are significantly 
different. 
Between   Difference > 47.09 signif @ 5% ? Between   Difference >63.14 signif @ 1% ?
Non- Trans. & Trans. Plants
Slinity 10% -58.26 Yes  Slinity 10% -58.26 No −
 Salinity 20% -4.91 No −
Salinity 30% -39.20 No − Salinity 40% -60.65 No −
Salinity 40% -60.65 Yes  Salinity 50% -100.15 Yes 
Salinity 50% -100.15 Yes 
Salinity 60% -22.37 No − Salinity 100% -150.06 Yes 
Salinity 70% -1.50 No −
Salinity 100% -150.06 Yes 
control 11.33 No −
Non- Trans. & 
Trans. Plants
Between   Difference > 0.07 signif @ 5% ? Between   Difference >0.09 signif @ 1% ?
Non- Trans. & Trans. Plants
Slinity 10% 0.37 Yes  Slinity 10% 0.37 Yes 
 Salinity 20% 0.13 Yes   Salinity 20% 0.13 Yes 
Salinity 30% 0.20 Yes  Salinity 30% 0.20 Yes 
Salinity 40% 0.16 Yes  Salinity 40% 0.16 Yes 
Salinity 50% -0.12 No −
Salinity 60% 0.02 No − control 0.08 No −
Salinity 70% 0.04 No −
Salinity 100% -0.02 No −
control 0.08 Yes 
Non- Trans. & 
Trans. Plants
  
354 
 
 
Appendix 4: 
Sequence of plasmid constructs 
The complete sequence of pTF102 plasmid is: 
       1  AGTACTTTAA AGTACTTTAA AGTACTTTAA AGTACTTTGA TCCAACCCCT  
          TCATGAAATT TCATGAAATT TCATGAAATT TCATGAAACT AGGTTGGGGA  
 
      51  CCGCTGCTAT AGTGCAGTCG GCTTCTGACG TTCAGTGCAG CCGTCTTCTG  
          GGCGACGATA TCACGTCAGC CGAAGACTGC AAGTCACGTC GGCAGAAGAC  
 
     101  AAAACGACAT GTCGCACAAG TCCTAAGTTA CGCGACAGGC TGCCGCCCTG  
          TTTTGCTGTA CAGCGTGTTC AGGATTCAAT GCGCTGTCCG ACGGCGGGAC  
 
     151  CCCTTTTCCT GGCGTTTTCT TGTCGCGTGT TTTAGTCGCA TAAAGTAGAA  
          GGGAAAAGGA CCGCAAAAGA ACAGCGCACA AAATCAGCGT ATTTCATCTT  
 
     201  TACTTGCGAC TAGAACCGGA GACATTACGC CATGAACAAG AGCGCCGCCG  
          ATGAACGCTG ATCTTGGCCT CTGTAATGCG GTACTTGTTC TCGCGGCGGC  
 
     251  CTGGCCTGCT GGGCTATGCC CGCGTCAGCA CCGACGACCA GGACTTGACC  
          GACCGGACGA CCCGATACGG GCGCAGTCGT GGCTGCTGGT CCTGAACTGG  
 
     301  AACCAACGGG CCGAACTGCA CGCGGCCGGC TGCACCAAGC TGTTTTCCGA  
          TTGGTTGCCC GGCTTGACGT GCGCCGGCCG ACGTGGTTCG ACAAAAGGCT  
 
     351  GAAGATCACC GGCACCAGGC GCGACCGCCC GGAGCTGGCC AGGATGCTTG  
          CTTCTAGTGG CCGTGGTCCG CGCTGGCGGG CCTCGACCGG TCCTACGAAC  
 
     401  ACCACCTACG CCCTGGCGAC GTTGTGACAG TGACCAGGCT AGACCGCCTG  
          TGGTGGATGC GGGACCGCTG CAACACTGTC ACTGGTCCGA TCTGGCGGAC  
 
     451  GCCCGCAGCA CCCGCGACCT ACTGGACATT GCCGAGCGCA TCCAGGAGGC  
          CGGGCGTCGT GGGCGCTGGA TGACCTGTAA CGGCTCGCGT AGGTCCTCCG  
 
     501  CGGCGCGGGC CTGCGTAGCC TGGCAGAGCC GTGGGCCGAC ACCACCACGC  
          GCCGCGCCCG GACGCATCGG ACCGTCTCGG CACCCGGCTG TGGTGGTGCG  
 
     551  CGGCCGGCCG CATGGTGTTG ACCGTGTTCG CCGGCATTGC CGAGTTCGAG  
          GCCGGCCGGC GTACCACAAC TGGCACAAGC GGCCGTAACG GCTCAAGCTC  
 
Between   Difference > 9.60 signif @ 5% ? Between   Difference >12.87 signif @ 1% ?
Non- Trans. & Trans. Plants
Slinity 10% 18.67 Yes  Slinity 10% 18.67 Yes 
 Salinity 20% 0.17 No −
Salinity 30% 5.00 No − Salinity 40% 24.00 Yes 
Salinity 40% 24.00 Yes  Salinity 50% 17.67 Yes 
Salinity 50% 17.67 Yes 
Salinity 60% -0.67 No −
Salinity 70% -2.00 No −
Salinity 100% -13.67 No −
control -1.17 No −
Non- Trans. & 
Trans. Plants
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     601  CGTTCCCTAA TCATCGACCG CACCCGGAGC GGGCGCGAGG CCGCCAAGGC  
          GCAAGGGATT AGTAGCTGGC GTGGGCCTCG CCCGCGCTCC GGCGGTTCCG  
 
     651  CCGAGGCGTG AAGTTTGGCC CCCGCCCTAC CCTCACCCCG GCACAGATCG  
          GGCTCCGCAC TTCAAACCGG GGGCGGGATG GGAGTGGGGC CGTGTCTAGC  
 
     701  CGCACGCCCG CGAGCTGATC GACCAGGAAG GCCGCACCGT GAAAGAGGCG  
          GCGTGCGGGC GCTCGACTAG CTGGTCCTTC CGGCGTGGCA CTTTCTCCGC  
 
     751  GCTGCACTGC TTGGCGTGCA TCGCTCGACC CTGTACCGCG CACTTGAGCG  
          CGACGTGACG AACCGCACGT AGCGAGCTGG GACATGGCGC GTGAACTCGC  
 
     801  CAGCGAGGAA GTGACGCCCA CCGAGGCCAG GCGGCGCGGT GCCTTCCGTG  
          GTCGCTCCTT CACTGCGGGT GGCTCCGGTC CGCCGCGCCA CGGAAGGCAC  
                                            NotI                  
                                         ~~~~~~~~~                
     851  AGGACGCATT GACCGAGGCC GACGCCCTGG CGGCCGCCGA GAATGAACGC  
          TCCTGCGTAA CTGGCTCCGG CTGCGGGACC GCCGGCGGCT CTTACTTGCG  
 
     901  CAAGAGGAAC AAGCATGAAA CCGCACCAGG ACGGCCAGGA CGAACCGTTT  
          GTTCTCCTTG TTCGTACTTT GGCGTGGTCC TGCCGGTCCT GCTTGGCAAA  
 
     951  TTCATTACCG AAGAGATCGA GGCGGAGATG ATCGCGGCCG GGTACGTGTT  
          AAGTAATGGC TTCTCTAGCT CCGCCTCTAC TAGCGCCGGC CCATGCACAA  
 
    1001  CGAGCCGCCC GCGCACGTCT CAACCGTGCG GCTGCATGAA ATCCTGGCCG  
          GCTCGGCGGG CGCGTGCAGA GTTGGCACGC CGACGTACTT TAGGACCGGC  
 
    1051  GTTTGTCTGA TGCCAAGCTG GCGGCCTGGC CGGCCAGCTT GGCCGCTGAA  
          CAAACAGACT ACGGTTCGAC CGCCGGACCG GCCGGTCGAA CCGGCGACTT  
 
    1101  GAAACCGAGC GCCGCCGTCT AAAAAGGTGA TGTGTATTTG AGTAAAACAG  
          CTTTGGCTCG CGGCGGCAGA TTTTTCCACT ACACATAAAC TCATTTTGTC  
 
    1151  CTTGCGTCAT GCGGTCGCTG CGTATATGAT GCGATGAGTA AATAAACAAA  
          GAACGCAGTA CGCCAGCGAC GCATATACTA CGCTACTCAT TTATTTGTTT  
 
    1201  TACGCAAGGG GAACGCATGA AGGTTATCGC TGTACTTAAC CAGAAAGGCG  
          ATGCGTTCCC CTTGCGTACT TCCAATAGCG ACATGAATTG GTCTTTCCGC  
 
    1251  GGTCAGGCAA GACGACCATC GCAACCCATC TAGCCCGCGC CCTGCAACTC  
          CCAGTCCGTT CTGCTGGTAG CGTTGGGTAG ATCGGGCGCG GGACGTTGAG  
 
    1301  GCCGGGGCCG ATGTTCTGTT AGTCGATTCC GATCCCCAGG GCAGTGCCCG  
          CGGCCCCGGC TACAAGACAA TCAGCTAAGG CTAGGGGTCC CGTCACGGGC  
 
    1351  CGATTGGGCG GCCGTGCGGG AAGATCAACC GCTAACCGTT GTCGGCATCG  
          GCTAACCCGC CGGCACGCCC TTCTAGTTGG CGATTGGCAA CAGCCGTAGC  
 
    1401  ACCGCCCGAC GATTGACCGC GACGTGAAGG CCATCGGCCG GCGCGACTTC  
          TGGCGGGCTG CTAACTGGCG CTGCACTTCC GGTAGCCGGC CGCGCTGAAG  
 
    1451  GTAGTGATCG ACGGAGCGCC CCAGGCGGCG GACTTGGCTG TGTCCGCGAT  
          CATCACTAGC TGCCTCGCGG GGTCCGCCGC CTGAACCGAC ACAGGCGCTA  
 
    1501  CAAGGCAGCC GACTTCGTGC TGATTCCGGT GCAGCCAAGC CCTTACGACA  
          GTTCCGTCGG CTGAAGCACG ACTAAGGCCA CGTCGGTTCG GGAATGCTGT  
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    1551  TATGGGCCAC CGCCGACCTG GTGGAGCTGG TTAAGCAGCG CATTGAGGTC  
          ATACCCGGTG GCGGCTGGAC CACCTCGACC AATTCGTCGC GTAACTCCAG  
 
    1601  ACGGATGGAA GGCTACAAGC GGCCTTTGTC GTGTCGCGGG CGATCAAAGG  
          TGCCTACCTT CCGATGTTCG CCGGAAACAG CACAGCGCCC GCTAGTTTCC  
 
    1651  CACGCGCATC GGCGGTGAGG TTGCCGAGGC GCTGGCCGGG TACGAGCTGC  
          GTGCGCGTAG CCGCCACTCC AACGGCTCCG CGACCGGCCC ATGCTCGACG  
 
    1701  CCATTCTTGA GTCCCGTATC ACGCAGCGCG TGAGCTACCC AGGCACTGCC  
          GGTAAGAACT CAGGGCATAG TGCGTCGCGC ACTCGATGGG TCCGTGACGG  
 
    1751  GCCGCCGGCA CAACCGTTCT TGAATCAGAA CCCGAGGGCG ACGCTGCCCG  
          CGGCGGCCGT GTTGGCAAGA ACTTAGTCTT GGGCTCCCGC TGCGACGGGC  
    1801  CGAGGTCCAG GCGCTGGCCG CTGAAATTAA ATCAAAACTC ATTTGAGTTA  
          GCTCCAGGTC CGCGACCGGC GACTTTAATT TAGTTTTGAG TAAACTCAAT  
 
    1851  ATGAGGTAAA GAGAAAATGA GCAAAAGCAC AAACACGCTA AGTGCCGGCC  
          TACTCCATTT CTCTTTTACT CGTTTTCGTG TTTGTGCGAT TCACGGCCGG  
 
    1901  GTCCGAGCGC ACGCAGCAGC AAGGCTGCAA CGTTGGCCAG CCTGGCAGAC  
          CAGGCTCGCG TGCGTCGTCG TTCCGACGTT GCAACCGGTC GGACCGTCTG  
 
    1951  ACGCCAGCCA TGAAGCGGGT CAACTTTCAG TTGCCGGCGG AGGATCACAC  
          TGCGGTCGGT ACTTCGCCCA GTTGAAAGTC AACGGCCGCC TCCTAGTGTG  
 
    2001  CAAGCTGAAG ATGTACGCGG TACGCCAAGG CAAGACCATT ACCGAGCTGC  
          GTTCGACTTC TACATGCGCC ATGCGGTTCC GTTCTGGTAA TGGCTCGACG  
 
    2051  TATCTGAATA CATCGCGCAG CTACCAGAGT AAATGAGCAA ATGAATAAAT  
          ATAGACTTAT GTAGCGCGTC GATGGTCTCA TTTACTCGTT TACTTATTTA  
 
    2101  GAGTAGATGA ATTTTAGCGG CTAAAGGAGG CGGCATGGAA AATCAAGAAC  
          CTCATCTACT TAAAATCGCC GATTTCCTCC GCCGTACCTT TTAGTTCTTG  
 
    2151  AACCAGGCAC CGACGCCGTG GAATGCCCCA TGTGTGGAGG AACGGGCGGT  
          TTGGTCCGTG GCTGCGGCAC CTTACGGGGT ACACACCTCC TTGCCCGCCA  
 
    2201  TGGCCAGGCG TAAGCGGCTG GGTTGTCTGC CGGCCCTGCA ATGGCACTGG  
          ACCGGTCCGC ATTCGCCGAC CCAACAGACG GCCGGGACGT TACCGTGACC  
 
    2251  AACCCCCAAG CCCGAGGAAT CGGCGTGAGC GGTCGCAAAC CATCCGGCCC  
          TTGGGGGTTC GGGCTCCTTA GCCGCACTCG CCAGCGTTTG GTAGGCCGGG  
 
    2301  GGTACAAATC GGCGCGGCGC TGGGTGATGA CCTGGTGGAG AAGTTGAAGG  
          CCATGTTTAG CCGCGCCGCG ACCCACTACT GGACCACCTC TTCAACTTCC  
 
    2351  CCGCGCAGGC CGCCCAGCGG CAACGCATCG AGGCAGAAGC ACGCCCCGGT  
          GGCGCGTCCG GCGGGTCGCC GTTGCGTAGC TCCGTCTTCG TGCGGGGCCA  
 
                         NotI                                     
                       ~~~~~~~~                                   
    2401  GAATCGTGGC AAGCGGCCGC TGATCGAATC CGCAAAGAAT CCCGGCAACC  
          CTTAGCACCG TTCGCCGGCG ACTAGCTTAG GCGTTTCTTA GGGCCGTTGG  
 
    2451  GCCGGCAGCC GGTGCGCCGT CGATTAGGAA GCCGCCCAAG GGCGACGAGC  
          CGGCCGTCGG CCACGCGGCA GCTAATCCTT CGGCGGGTTC CCGCTGCTCG  
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    2501  AACCAGATTT TTTCGTTCCG ATGCTCTATG ACGTGGGCAC CCGCGATAGT  
          TTGGTCTAAA AAAGCAAGGC TACGAGATAC TGCACCCGTG GGCGCTATCA  
 
    2551  CGCAGCATCA TGGACGTGGC CGTTTTCCGT CTGTCGAAGC GTGACCGACG  
          GCGTCGTAGT ACCTGCACCG GCAAAAGGCA GACAGCTTCG CACTGGCTGC  
 
    2601  AGCTGGCGAG GTGATCCGCT ACGAGCTTCC AGACGGGCAC GTAGAGGTTT  
          TCGACCGCTC CACTAGGCGA TGCTCGAAGG TCTGCCCGTG CATCTCCAAA  
 
    2651  CCGCAGGGCC GGCCGGCATG GCCAGTGTGT GGGATTACGA CCTGGTACTG  
          GGCGTCCCGG CCGGCCGTAC CGGTCACACA CCCTAATGCT GGACCATGAC  
 
    2701  ATGGCGGTTT CCCATCTAAC CGAATCCATG AACCGATACC GGGAAGGGAA  
          TACCGCCAAA GGGTAGATTG GCTTAGGTAC TTGGCTATGG CCCTTCCCTT  
    2751  GGGAGACAAG CCCGGCCGCG TGTTCCGTCC ACACGTTGCG GACGTACTCA  
          CCCTCTGTTC GGGCCGGCGC ACAAGGCAGG TGTGCAACGC CTGCATGAGT  
 
    2801  AGTTCTGCCG GCGAGCCGAT GGCGGAAAGC AGAAAGACGA CCTGGTAGAA  
          TCAAGACGGC CGCTCGGCTA CCGCCTTTCG TCTTTCTGCT GGACCATCTT  
 
    2851  ACCTGCATTC GGTTAAACAC CACGCACGTT GCCATGCAGC GTACGAAGAA  
          TGGACGTAAG CCAATTTGTG GTGCGTGCAA CGGTACGTCG CATGCTTCTT  
 
    2901  GGCCAAGAAC GGCCGCCTGG TGACGGTATC CGAGGGTGAA GCCTTGATTA  
          CCGGTTCTTG CCGGCGGACC ACTGCCATAG GCTCCCACTT CGGAACTAAT  
 
    2951  GCCGCTACAA GATCGTAAAG AGCGAAACCG GGCGGCCGGA GTACATCGAG  
          CGGCGATGTT CTAGCATTTC TCGCTTTGGC CCGCCGGCCT CATGTAGCTC  
 
    3001  ATCGAGCTAG CTGATTGGAT GTACCGCGAG ATCACAGAAG GCAAGAACCC  
          TAGCTCGATC GACTAACCTA CATGGCGCTC TAGTGTCTTC CGTTCTTGGG  
 
                                                ClaI              
                                               ~~~~~~             
    3051  GGACGTGCTG ACGGTTCACC CCGATTACTT TTTGATCGAT CCCGGCATCG  
          CCTGCACGAC TGCCAAGTGG GGCTAATGAA AAACTAGCTA GGGCCGTAGC  
 
    3101  GCCGTTTTCT CTACCGCCTG GCACGCCGCG CCGCAGGCAA GGCAGAAGCC  
          CGGCAAAAGA GATGGCGGAC CGTGCGGCGC GGCGTCCGTT CCGTCTTCGG  
 
    3151  AGATGGTTGT TCAAGACGAT CTACGAACGC AGTGGCAGCG CCGGAGAGTT  
          TCTACCAACA AGTTCTGCTA GATGCTTGCG TCACCGTCGC GGCCTCTCAA  
 
    3201  CAAGAAGTTC TGTTTCACCG TGCGCAAGCT GATCGGGTCA AATGACCTGC  
          GTTCTTCAAG ACAAAGTGGC ACGCGTTCGA CTAGCCCAGT TTACTGGACG  
 
    3251  CGGAGTACGA TTTGAAGGAG GAGGCGGGGC AGGCTGGCCC GATCCTAGTC  
          GCCTCATGCT AAACTTCCTC CTCCGCCCCG TCCGACCGGG CTAGGATCAG  
 
    3301  ATGCGCTACC GCAACCTGAT CGAGGGCGAA GCATCCGCCG GTTCCTAATG  
          TACGCGATGG CGTTGGACTA GCTCCCGCTT CGTAGGCGGC CAAGGATTAC  
 
    3351  TACGGAGCAG ATGCTAGGGC AAATTGCCCT AGCAGGGGAA AAAGGTCGAA  
          ATGCCTCGTC TACGATCCCG TTTAACGGGA TCGTCCCCTT TTTCCAGCTT  
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    3401  AAGGTCTCTT TCCTGTGGAT AGCACGTACA TTGGGAACCC AAAGCCGTAC  
          TTCCAGAGAA AGGACACCTA TCGTGCATGT AACCCTTGGG TTTCGGCATG  
 
    3451  ATTGGGAACC GGAACCCGTA CATTGGGAAC CCAAAGCCGT ACATTGGGAA  
          TAACCCTTGG CCTTGGGCAT GTAACCCTTG GGTTTCGGCA TGTAACCCTT  
 
    3501  CCGGTCACAC ATGTAAGTGA CTGATATAAA AGAGAAAAAA GGCGATTTTT  
          GGCCAGTGTG TACATTCACT GACTATATTT TCTCTTTTTT CCGCTAAAAA  
    3551  CCGCCTAAAA CTCTTTAAAA CTTATTAAAA CTCTTAAAAC CCGCCTGGCC  
          GGCGGATTTT GAGAAATTTT GAATAATTTT GAGAATTTTG GGCGGACCGG  
 
    3601  TGTGCATAAC TGTCTGGCCA GCGCACAGCC GAAGAGCTGC AAAAAGCGCC  
          ACACGTATTG ACAGACCGGT CGCGTGTCGG CTTCTCGACG TTTTTCGCGG  
 
    3651  TACCCTTCGG TCGCTGCGCT CCCTACGCCC CGCCGCTTCG CGTCGGCCTA  
          ATGGGAAGCC AGCGACGCGA GGGATGCGGG GCGGCGAAGC GCAGCCGGAT  
 
              NotI                                                
            ~~~~~~~~                                              
    3701  TCGCGGCCGC TGGCCGCTCA AAAATGGCTG GCCTACGGCC AGGCAATCTA  
          AGCGCCGGCG ACCGGCGAGT TTTTACCGAC CGGATGCCGG TCCGTTAGAT  
 
    3751  CCAGGGCGCG GACAAGCCGC GCCGTCGCCA CTCGACCGCC GGCGCCCACA  
          GGTCCCGCGC CTGTTCGGCG CGGCAGCGGT GAGCTGGCGG CCGCGGGTGT  
 
    3801  TCAAGGCACC CTGCCTCGCG CGTTTCGGTG ATGACGGTGA AAACCTCTGA  
          AGTTCCGTGG GACGGAGCGC GCAAAGCCAC TACTGCCACT TTTGGAGACT  
 
    3851  CACATGCAGC TCCCGGAGAC GGTCACAGCT TGTCTGTAAG CGGATGCCGG  
          GTGTACGTCG AGGGCCTCTG CCAGTGTCGA ACAGACATTC GCCTACGGCC  
 
    3901  GAGCAGACAA GCCCGTCAGG GCGCGTCAGC GGGTGTTGGC GGGTGTCGGG  
          CTCGTCTGTT CGGGCAGTCC CGCGCAGTCG CCCACAACCG CCCACAGCCC  
 
    3951  GCGCAGCCAT GACCCAGTCA CGTAGCGATA GCGGAGTGTA TACTGGCTTA  
          CGCGTCGGTA CTGGGTCAGT GCATCGCTAT CGCCTCACAT ATGACCGAAT  
 
    4001  ACTATGCGGC ATCAGAGCAG ATTGTACTGA GAGTGCACCA TATGCGGTGT  
          TGATACGCCG TAGTCTCGTC TAACATGACT CTCACGTGGT ATACGCCACA  
 
    4051  GAAATACCGC ACAGATGCGT AAGGAGAAAA TACCGCATCA GGCGCTCTTC  
          CTTTATGGCG TGTCTACGCA TTCCTCTTTT ATGGCGTAGT CCGCGAGAAG  
 
    4101  CGCTTCCTCG CTCACTGACT CGCTGCGCTC GGTCGTTCGG CTGCGGCGAG  
          GCGAAGGAGC GAGTGACTGA GCGACGCGAG CCAGCAAGCC GACGCCGCTC  
 
    4151  CGGTATCAGC TCACTCAAAG GCGGTAATAC GGTTATCCAC AGAATCAGGG  
          GCCATAGTCG AGTGAGTTTC CGCCATTATG CCAATAGGTG TCTTAGTCCC  
 
    4201  GATAACGCAG GAAAGAACAT GTGAGCAAAA GGCCAGCAAA AGGCCAGGAA  
          CTATTGCGTC CTTTCTTGTA CACTCGTTTT CCGGTCGTTT TCCGGTCCTT  
 
    4251  CCGTAAAAAG GCCGCGTTGC TGGCGTTTTT CCATAGGCTC CGCCCCCCTG  
          GGCATTTTTC CGGCGCAACG ACCGCAAAAA GGTATCCGAG GCGGGGGGAC  
 
    4301  ACGAGCATCA CAAAAATCGA CGCTCAAGTC AGAGGTGGCG AAACCCGACA  
          TGCTCGTAGT GTTTTTAGCT GCGAGTTCAG TCTCCACCGC TTTGGGCTGT  
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    4351  GGACTATAAA GATACCAGGC GTTTCCCCCT GGAAGCTCCC TCGTGCGCTC  
          CCTGATATTT CTATGGTCCG CAAAGGGGGA CCTTCGAGGG AGCACGCGAG  
 
    4401  TCCTGTTCCG ACCCTGCCGC TTACCGGATA CCTGTCCGCC TTTCTCCCTT  
          AGGACAAGGC TGGGACGGCG AATGGCCTAT GGACAGGCGG AAAGAGGGAA  
 
    4451  CGGGAAGCGT GGCGCTTTCT CATAGCTCAC GCTGTAGGTA TCTCAGTTCG  
          GCCCTTCGCA CCGCGAAAGA GTATCGAGTG CGACATCCAT AGAGTCAAGC  
 
    4501  GTGTAGGTCG TTCGCTCCAA GCTGGGCTGT GTGCACGAAC CCCCCGTTCA  
          CACATCCAGC AAGCGAGGTT CGACCCGACA CACGTGCTTG GGGGGCAAGT  
 
    4551  GCCCGACCGC TGCGCCTTAT CCGGTAACTA TCGTCTTGAG TCCAACCCGG  
          CGGGCTGGCG ACGCGGAATA GGCCATTGAT AGCAGAACTC AGGTTGGGCC  
    4601  TAAGACACGA CTTATCGCCA CTGGCAGCAG CCACTGGTAA CAGGATTAGC  
          ATTCTGTGCT GAATAGCGGT GACCGTCGTC GGTGACCATT GTCCTAATCG  
 
    4651  AGAGCGAGGT ATGTAGGCGG TGCTACAGAG TTCTTGAAGT GGTGGCCTAA  
          TCTCGCTCCA TACATCCGCC ACGATGTCTC AAGAACTTCA CCACCGGATT  
 
    4701  CTACGGCTAC ACTAGAAGGA CAGTATTTGG TATCTGCGCT CTGCTGAAGC  
          GATGCCGATG TGATCTTCCT GTCATAAACC ATAGACGCGA GACGACTTCG  
 
    4751  CAGTTACCTT CGGAAAAAGA GTTGGTAGCT CTTGATCCGG CAAACAAACC  
          GTCAATGGAA GCCTTTTTCT CAACCATCGA GAACTAGGCC GTTTGTTTGG  
 
    4801  ACCGCTGGTA GCGGTGGTTT TTTTGTTTGC AAGCAGCAGA TTACGCGCAG  
          TGGCGACCAT CGCCACCAAA AAAACAAACG TTCGTCGTCT AATGCGCGTC  
 
    4851  AAAAAAAGGA TCTCAAGAAG ATCCTTTGAT CTTTTCTACG GGGTCTGACG  
          TTTTTTTCCT AGAGTTCTTC TAGGAAACTA GAAAAGATGC CCCAGACTGC  
 
    4901  CTCAGTGGAA CGAAAACTCA CGTTAAGGGA TTTTGGTCAT GCATGATATA  
          GAGTCACCTT GCTTTTGAGT GCAATTCCCT AAAACCAGTA CGTACTATAT  
 
    4951  TCTCCCAATT TGTGTAGGGC TTATTATGCA CGCTTAAAAA TAATAAAAGC  
          AGAGGGTTAA ACACATCCCG AATAATACGT GCGAATTTTT ATTATTTTCG  
 
    5001  AGACTTGACC TGATAGTTTG GCTGTGAGCA ATTATGTGCT TAGTGCATCT  
          TCTGAACTGG ACTATCAAAC CGACACTCGT TAATACACGA ATCACGTAGA  
 
    5051  AACGCTTGAG TTAAGCCGCG CCGCGAAGCG GCGTCGGCTT GAACGAATTT  
          TTGCGAACTC AATTCGGCGC GGCGCTTCGC CGCAGCCGAA CTTGCTTAAA  
 
    5101  CTAGCTAGAC ATTATTTGCC GACTACCTTG GTGATCTCGC CTTTCACGTA  
          GATCGATCTG TAATAAACGG CTGATGGAAC CACTAGAGCG GAAAGTGCAT  
 
    5151  GTGGACAAAT TCTTCCAACT GATCTGCGCG CGAGGCCAAG CGATCTTCTT  
          CACCTGTTTA AGAAGGTTGA CTAGACGCGC GCTCCGGTTC GCTAGAAGAA  
 
    5201  CTTGTCCAAG ATAAGCCTGT CTAGCTTCAA GTATGACGGG CTGATACTGG  
          GAACAGGTTC TATTCGGACA GATCGAAGTT CATACTGCCC GACTATGACC  
 
    5251  GCCGGCAGGC GCTCCATTGC CCAGTCGGCA GCGACATCCT TCGGCGCGAT  
          CGGCCGTCCG CGAGGTAACG GGTCAGCCGT CGCTGTAGGA AGCCGCGCTA  
 
    5301  TTTGCCGGTT ACTGCGCTGT ACCAAATGCG GGACAACGTA AGCACTACAT  
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          AAACGGCCAA TGACGCGACA TGGTTTACGC CCTGTTGCAT TCGTGATGTA  
 
    5351  TTCGCTCATC GCCAGCCCAG TCGGGCGGCG AGTTCCATAG CGTTAAGGTT  
          AAGCGAGTAG CGGTCGGGTC AGCCCGCCGC TCAAGGTATC GCAATTCCAA  
 
    5401  TCATTTAGCG CCTCAAATAG ATCCTGTTCA GGAACCGGAT CAAAGAGTTC  
          AGTAAATCGC GGAGTTTATC TAGGACAAGT CCTTGGCCTA GTTTCTCAAG  
 
    5451  CTCCGCCGCT GGACCTACCA AGGCAACGCT ATGTTCTCTT GCTTTTGTCA  
          GAGGCGGCGA CCTGGATGGT TCCGTTGCGA TACAAGAGAA CGAAAACAGT  
 
    5501  GCAAGATAGC CAGATCAATG TCGATCGTGG CTGGCTCGAA GATACCTGCA  
          CGTTCTATCG GTCTAGTTAC AGCTAGCACC GACCGAGCTT CTATGGACGT  
 
    5551  AGAATGTCAT TGCGCTGCCA TTCTCCAAAT TGCAGTTCGC GCTTAGCTGG  
          TCTTACAGTA ACGCGACGGT AAGAGGTTTA ACGTCAAGCG CGAATCGACC  
 
    5601  ATAACGCCAC GGAATGATGT CGTCGTGCAC AACAATGGTG ACTTCTACAG  
          TATTGCGGTG CCTTACTACA GCAGCACGTG TTGTTACCAC TGAAGATGTC  
 
    5651  CGCGGAGAAT CTCGCTCTCT CCAGGGGAAG CCGAAGTTTC CAAAAGGTCG  
          GCGCCTCTTA GAGCGAGAGA GGTCCCCTTC GGCTTCAAAG GTTTTCCAGC  
 
            BclI                                                  
           ~~~~~~                                                 
    5701  TTGATCAAAG CTCGCCGCGT TGTTTCATCA AGCCTTACGG TCACCGTAAC  
          AACTAGTTTC GAGCGGCGCA ACAAAGTAGT TCGGAATGCC AGTGGCATTG  
 
    5751  CAGCAAATCA ATATCACTGT GTGGCTTCAG GCCGCCATCC ACTGCGGAGC  
          GTCGTTTAGT TATAGTGACA CACCGAAGTC CGGCGGTAGG TGACGCCTCG  
 
    5801  CGTACAAATG TACGGCCAGC AACGTCGGTT CGAGATGGCG CTCGATGACG  
          GCATGTTTAC ATGCCGGTCG TTGCAGCCAA GCTCTACCGC GAGCTACTGC  
 
    5851  CCAACTACCT CTGATAGTTG AGTCGATACT TCGGCGATCA CCGCTTCCCC  
          GGTTGATGGA GACTATCAAC TCAGCTATGA AGCCGCTAGT GGCGAAGGGG  
 
    5901  CATGATGTTT AACTTTGTTT TAGGGCGACT GCCCTGCTGC GTAACATCGT  
          GTACTACAAA TTGAAACAAA ATCCCGCTGA CGGGACGACG CATTGTAGCA  
 
    5951  TGCTGCTCCA TAACATCAAA CATCGACCCA CGGCGTAACG CGCTTGCTGC  
          ACGACGAGGT ATTGTAGTTT GTAGCTGGGT GCCGCATTGC GCGAACGACG  
 
    6001  TTGGATGCCC GAGGCATAGA CTGTACCCCA AAAAAACAGT CATAACAAGC  
          AACCTACGGG CTCCGTATCT GACATGGGGT TTTTTTGTCA GTATTGTTCG  
 
    6051  CATGAAAACC GCCACTGCGC CGTTACCACC GCTGCGTTCG GTCAAGGTTC  
          GTACTTTTGG CGGTGACGCG GCAATGGTGG CGACGCAAGC CAGTTCCAAG  
 
    6101  TGGACCAGTT GCGTGACGGC AGTTACGCTA CTTGCATTAC AGCTTACGAA  
          ACCTGGTCAA CGCACTGCCG TCAATGCGAT GAACGTAATG TCGAATGCTT  
 
                                                   BclI           
                                                  ~~~~~~~         
    6151  CCGAACAGGC TTATGTCCAC TGGGTTCGTG CCCGAATTGA TCACAGGCAG  
          GGCTTGTCCG AATACAGGTG ACCCAAGCAC GGGCTTAACT AGTGTCCGTC  
 
    6201  CAACGCTCTG TCATCGTTAC AATCAACATG CTACCCTCCG CGAGATCATC  
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          GTTGCGAGAC AGTAGCAATG TTAGTTGTAC GATGGGAGGC GCTCTAGTAG  
 
    6251  CGTGTTTCAA ACCCGGCAGC TTAGTTGCCG TTCTTCCGAA TAGCATCGGT  
          GCACAAAGTT TGGGCCGTCG AATCAACGGC AAGAAGGCTT ATCGTAGCCA  
 
    6301  AACATGAGCA AAGTCTGCCG CCTTACAACG GCTCTCCCGC TGACGCCGTC  
          TTGTACTCGT TTCAGACGGC GGAATGTTGC CGAGAGGGCG ACTGCGGCAG  
 
    6351  CCGGACTGAT GGGCTGCCTG TATCGAGTGG TGATTTTGTG CCGAGCTGCC  
          GGCCTGACTA CCCGACGGAC ATAGCTCACC ACTAAAACAC GGCTCGACGG  
 
    6401  GGTCGGGGAG CTGTTGGCTG GCTGGTGGCA GGATATATTG TGGTGTAAAC  
          CCAGCCCCTC GACAACCGAC CGACCACCGT CCTATATAAC ACCACATTTG  
 
    6451  AAATTGACGC TTAGACAACT TAATAACACA TTGCGGACGT TTTTAATGTA  
          TTTAACTGCG AATCTGTTGA ATTATTGTGT AACGCCTGCA AAAATTACAT  
 
    6501  CTGAATTAAC GCCGAATTGC TCTAGCATTC GCCATTCAGG CTGCGCAACT  
          GACTTAATTG CGGCTTAACG AGATCGTAAG CGGTAAGTCC GACGCGTTGA  
 
                                                        PvuII     
                                                       ~~~~~~     
    6551  GTTGGGAAGG GCGATCGGTG CGGGCCTCTT CGCTATTACG CCAGCTGGCG  
          CAACCCTTCC CGCTAGCCAC GCCCGGAGAA GCGATAATGC GGTCGACCGC  
 
    6601  AAAGGGGGAT GTGCTGCAAG GCGATTAAGT TGGGTAACGC CAGGGTTTTC  
          TTTCCCCCTA CACGACGTTC CGCTAATTCA ACCCATTGCG GTCCCAAAAG  
 
    6651  CCAGTCACGA CGTTGTAAAA CGACGGCCAG TGCCAAGCTA ATTCGCTTCA  
          GGTCAGTGCT GCAACATTTT GCTGCCGGTC ACGGTTCGAT TAAGCGAAGT  
 
    6701  AGACGTGCTC AAATCACTAT TTCCACACCC CTATATTTCT ATTGCACTCC  
          TCTGCACGAG TTTAGTGATA AAGGTGTGGG GATATAAAGA TAACGTGAGG  
 
    6751  CTTTTAACTG TTTTTTATTA CAAAAATGCC CTGGAAAATG CACTCCCTTT  
          GAAAATTGAC AAAAAATAAT GTTTTTACGG GACCTTTTAC GTGAGGGAAA  
 
    6801  TTGTGTTTGT TTTTTTGTGA AACGATGTTG TCAGGTAATT TATTTGTCAG  
          AACACAAACA AAAAAACACT TTGCTACAAC AGTCCATTAA ATAAACAGTC  
 
    6851  TCTACTATGG TGGCCCATTA TATTAATAGC AACTGTCGGT CCAATAGACG  
          AGATGATACC ACCGGGTAAT ATAATTATCG TTGACAGCCA GGTTATCTGC  
 
    6901  ACGTCGATTT TCTGCATTTG TTTAACCACG TGGATTTTAT GACATTTTAT  
          TGCAGCTAAA AGACGTAAAC AAATTGGTGC ACCTAAAATA CTGTAAAATA  
 
    6951  ATTAGTTAAT TTGTAAAACC TACCCAATTA AAGACCTCAT ATGTTCTAAA  
          TAATCAATTA AACATTTTGG ATGGGTTAAT TTCTGGAGTA TACAAGATTT  
 
    7001  GACTAATACT TAATGATAAC AATTTTCTTT TAGTGAAGAA AGGGATAATT  
          CTGATTATGA ATTACTATTG TTAAAAGAAA ATCACTTCTT TCCCTATTAA  
 
    7051  AGTAAATATG GAACAAGGGC AGAAGATTTA TTAAAGCCGC GTAAGAGACA  
          TCATTTATAC CTTGTTCCCG TCTTCTAAAT AATTTCGGCG CATTCTCTGT  
 
    7101  ACAAGTAGGT ACGTGGAGTG TCTTAGGTGA CTTACCCACA TAACATAAAG  
          TGTTCATCCA TGCACCTCAC AGAATCCACT GAATGGGTGT ATTGTATTTC  
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    7151  TGACATTAAC AAACATAGCT AATGCTCCTA TTTGAATAGT GCATATCAGC  
          ACTGTAATTG TTTGTATCGA TTACGAGGAT AAACTTATCA CGTATAGTCG  
 
    7201  ATACCTTATT ACATATAGAT AGGAGCAAAC TCTAGCTAGA TTGTTGAGCA  
          TATGGAATAA TGTATATCTA TCCTCGTTTG AGATCGATCT AACAACTCGT  
 
                                             KpnI                 
                                            ~~~~~~                
    7251  GATCTCGGTG ACGGGCAGGA CCGGACGGGG CGGTACCGGC AGGCTGAAGT  
          CTAGAGCCAC TGCCCGTCCT GGCCTGCCCC GCCATGGCCG TCCGACTTCA  
 
            PvuII                                                 
           ~~~~~~                                                 
    7301  CCAGCTGCCA GAAACCCACG TCATGCCAGT TCCCGTGCTT GAAGCCGGCC  
          GGTCGACGGT CTTTGGGTGC AGTACGGTCA AGGGCACGAA CTTCGGCCGG  
 
    7351  GCCCGCAGCA TGCCGCGGGG GGCATATCCG AGCGCCTCGT GCATGCGCAC  
          CGGGCGTCGT ACGGCGCCCC CCGTATAGGC TCGCGGAGCA CGTACGCGTG  
    7401  GCTCGGGTCG TTGGGCAGCC CGATGACAGC GACCACGCTC TTGAAGCCCT  
          CGAGCCCAGC AACCCGTCGG GCTACTGTCG CTGGTGCGAG AACTTCGGGA  
 
    7451  GTGCCTCCAG GGACTTCAGC AGGTGGGTGT AGAGCGTGGA GCCCAGTCCC  
          CACGGAGGTC CCTGAAGTCG TCCACCCACA TCTCGCACCT CGGGTCAGGG  
 
                                            SalI                  
                                           ~~~~~~                 
    7501  GTCCGCTGGT GGCGGGGGGA GACGTACACG GTCGACTCGG CCGTCCAGTC  
          CAGGCGACCA CCGCCCCCCT CTGCATGTGC CAGCTGAGCC GGCAGGTCAG  
 
    7551  GTAGGCGTTG CGTGCCTTCC AGGGGCCCGC GTAGGCGATG CCGGCGACCT  
          CATCCGCAAC GCACGGAAGG TCCCCGGGCG CATCCGCTAC GGCCGCTGGA  
 
    7601  CGCCGTCCAC CTCGGCGACG AGCCAGGGAT AGCGCTCCCG CAGACGGACG  
          GCGGCAGGTG GAGCCGCTGC TCGGTCCCTA TCGCGAGGGC GTCTGCCTGC  
 
    7651  AGGTCGTCCG TCCACTCCTG CGGTTCCTGC GGCTCGGTAC GGAAGTTGAC  
          TCCAGCAGGC AGGTGAGGAC GCCAAGGACG CCGAGCCATG CCTTCAACTG  
 
    7701  CGTGCTTGTC TCGATGTAGT GGTTGACGAT GGTGCAGACC GCCGGCATGT  
          GCACGAACAG AGCTACATCA CCAACTGCTA CCACGTCTGG CGGCCGTACA  
 
    7751  CCGCCTCGGT GGCACGGCGG ATGTCGGCCG GGCGTCGTTC TGGGCTCATG  
          GGCGGAGCCA CCGTGCCGCC TACAGCCGGC CCGCAGCAAG ACCCGAGTAC  
 
    7801  GTAGATCCCC CGTTCGTAAA TGGTGAAAAT TTTCAGAAAA TTGCTTTTGC  
          CATCTAGGGG GCAAGCATTT ACCACTTTTA AAAGTCTTTT AACGAAAACG  
 
    7851  TTTAAAAGAA ATGATTTAAA TTGCTGCAAT AGAAGTAGAA TGCTTGATTG  
          AAATTTTCTT TACTAAATTT AACGACGTTA TCTTCATCTT ACGAACTAAC  
 
                                                           XhoI   
                                                          ~~~~~~  
    7901  CTTGAGATTC GTTTGTTTTG TATATGTTGT GTTGAGAATT AATTCTCGAG  
          GAACTCTAAG CAAACAAAAC ATATACAACA CAACTCTTAA TTAAGAGCTC  
 
    7951  GTCCTCTCCA AATGAAATGA ACTTCCTTAT ATAGAGGAAG GGTCTTGCGA  
          CAGGAGAGGT TTACTTTACT TGAAGGAATA TATCTCCTTC CCAGAACGCT  
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    8001  AGGATAGTGG GATTGTGCGT CATCCCTTAC GTCAGTGGAG ATATCACATC  
          TCCTATCACC CTAACACGCA GTAGGGAATG CAGTCACCTC TATAGTGTAG  
 
    8051  AATCCACTTG CTTTGAAGAC GTGGTTGGAA CGTCTTCTTT TTCCACGATG  
          TTAGGTGAAC GAAACTTCTG CACCAACCTT GCAGAAGAAA AAGGTGCTAC  
 
 
8101  CTCCTCGTGG GTGGGGGTCC ATCTTTGGGA CCACTGTCGG TAGAGGCATC  
          GAGGAGCACC CACCCCCAGG TAGAAACCCT GGTGACAGCC ATCTCCGTAG  
 
    8151  TTCAACGATG GCCTTTCCTT TATCGCAATG ATGGCATTTG TAGAAGCCAT  
          AAGTTGCTAC CGGAAAGGAA ATAGCGTTAC TACCGTAAAC ATCTTCGGTA  
 
    8201  CTTCCTTTTC CACTGTCTTC TCAATAAAGT GACAGATAGC TGGGCAATGG  
          GAAGGAAAAG GTGACAGAAG AGTTATTTCA CTGTCTATCG ACCCGTTACC  
 
    8251  AATCCGAGGA GGTTTCCCGA TATTACCCTT TGTTGAAAAG TCTCAATTGC  
          TTAGGCTCCT CCAAAGGGCT ATAATGGGAA ACAACTTTTC AGAGTTAACG  
    8301  CCTTTGGTCT TCTGAGACTG TATCTTTGAT ATTTTTGGAG TAGACAAGTG  
          GGAAACCAGA AGACTCTGAC ATAGAAACTA TAAAAACCTC ATCTGTTCAC  
 
                                           HindIII       PstI     
                                           ~~~~~~       ~~~~~~    
    8351  TGTCGTGCTC CACCATGTTG ACCGGCATGC AAGCTTGCAT GCCTGCAGGT  
          ACAGCACGAG GTGGTACAAC TGGCCGTACG TTCGAACGTA CGGACGTCCA  
 
    8401  CACTGGATTT TGGTTTTAGG AATTAGAAAT TTTATTGATA GAAGTATTTT  
          GTGACCTAAA ACCAAAATCC TTAATCTTTA AAATAACTAT CTTCATAAAA  
 
    8451  ACAAATACAA ATACATACTA AGGGTTTCTT ATATGCTCAA CACATGAGCG  
          TGTTTATGTT TATGTATGAT TCCCAAAGAA TATACGAGTT GTGTACTCGC  
 
    8501  AAACCCTATA AGAACCCTAA TTCCCTTATC TGGGAACTAC TCACACATTA  
          TTTGGGATAT TCTTGGGATT AAGGGAATAG ACCCTTGATG AGTGTGTAAT  
 
    8551  TTCTGGAGAA AAATAGAGAG AGATAGATTT GTAGAGAGAG ACTGGTGATT  
          AAGACCTCTT TTTATCTCTC TCTATCTAAA CATCTCTCTC TGACCACTAA  
 
                     KpnI  SacI                                   
                   ~~~~~~~~~~~~~~                                 
    8601  TTTGCGCCGG GTACCGAGCT CGGTAGCAAT TCCCGAGGCT GTAGCCGACG  
          AAACGCGGCC CATGGCTCGA GCCATCGTTA AGGGCTCCGA CATCGGCTGC  
 
    8651  ATGGTGCGCC AGGAGAGTTG TTGATTCATT GTTTGCCTCC CTGCTGCGGT  
          TACCACGCGG TCCTCTCAAC AACTAAGTAA CAAACGGAGG GACGACGCCA  
 
    8701  TTTTCACCGA AGTTCATGCC AGTCCAGCGT TTTTGCAGCA GAAAAGCCGC  
          AAAAGTGGCT TCAAGTACGG TCAGGTCGCA AAAACGTCGT CTTTTCGGCG  
 
    8751  CGACTTCGGT TTGCGGTCGC GAGTGAAGAT CCCTTTCTTG TTACCGCCAA  
          GCTGAAGCCA AACGCCAGCG CTCACTTCTA GGGAAAGAAC AATGGCGGTT  
 
    8801  CGCGCAATAT GCCTTGCGAG GTCGCAAAAT CGGCGAAATT CCATACCTGT  
          GCGCGTTATA CGGAACGCTC CAGCGTTTTA GCCGCTTTAA GGTATGGACA  
 
    8851  TCACCGACGA CGGCGCTGAC GCGATCAAAG ACGCGGTGAT ACATATCCAG  
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          AGTGGCTGCT GCCGCGACTG CGCTAGTTTC TGCGCCACTA TGTATAGGTC  
 
    8901  CCATGCACAC TGATACTCTT CACTCCACAT GTCGGTGTAC ATTGAGTGCA  
          GGTACGTGTG ACTATGAGAA GTGAGGTGTA CAGCCACATG TAACTCACGT  
 
    8951  GCCCGGCTAA CGTATCCACG CCGTATTCGG TGATGATAAT CGGCTGATGC  
          CGGGCCGATT GCATAGGTGC GGCATAAGCC ACTACTATTA GCCGACTACG  
 
    9001  AGTTTCTCCT GCCAGGCCAG AAGTTCTTTT TCCAGTACCT TCTCTGCCGT  
          TCAAAGAGGA CGGTCCGGTC TTCAAGAAAA AGGTCATGGA AGAGACGGCA  
 
    9051  TTCCAAATCG CCGCTTTGGA CATACCATCC GTAATAACGG TTCAGGCACA  
          AAGGTTTAGC GGCGAAACCT GTATGGTAGG CATTATTGCC AAGTCCGTGT  
 
    9101  GCACATCAAA GAGATCGCTG ATGGTATCGG TGTGAGCGTC GCAGAACATT  
          CGTGTAGTTT CTCTAGCGAC TACCATAGCC ACACTCGCAG CGTCTTGTAA  
 
    9151  ACATTGACGC AGGTGATCGG ACGCGTCGGG TCGAGTTTAC GCGTTGCTTC  
          TGTAACTGCG TCCACTAGCC TGCGCAGCCC AGCTCAAATG CGCAACGAAG  
 
                          SspI                                    
                         ~~~~~~                                   
    9201  CGCCAGTGGC GCGAAATATT CCCGTGCACC TTGCGGACGG GTATCCGGTT  
          GCGGTCACCG CGCTTTATAA GGGCACGTGG AACGCCTGCC CATAGGCCAA  
 
    9251  CGTTGGCAAT ACTCCACATC ACCACGCTTG GGTGGTTTTT GTCACGCGCT  
          GCAACCGTTA TGAGGTGTAG TGGTGCGAAC CCACCAAAAA CAGTGCGCGA  
 
    9301  ATCAGCTCTT TAATCGCCTG TAAGTGCGCT TGCTGAGTTT CCCCGTTGAC  
          TAGTCGAGAA ATTAGCGGAC ATTCACGCGA ACGACTCAAA GGGGCAACTG  
 
    9351  TGCCTCTTCG CTGTACAGTT CTTTCGGCTT GTTGCCCGCT TCGAAACCAA  
          ACGGAGAAGC GACATGTCAA GAAAGCCGAA CAACGGGCGA AGCTTTGGTT  
 
    9401  TGCCTAAAGA GAGGTTAAAG CCGACAGCAG CAGTTTCATC AATCACCACG  
          ACGGATTTCT CTCCAATTTC GGCTGTCGTC GTCAAAGTAG TTAGTGGTGC  
 
    9451  ATGCCATGTT CATCTGCCCA GTCGAGCATC TCTTCAGCGT AAGGGTAATG  
          TACGGTACAA GTAGACGGGT CAGCTCGTAG AGAAGTCGCA TTCCCATTAC  
 
    9501  CGAGGTACGG TAGGAGTTGG CCCCAATCCA GTCCATTAAT GCGTGGTCGT  
          GCTCCATGCC ATCCTCAACC GGGGTTAGGT CAGGTAATTA CGCACCAGCA  
 
    9551  GCACCATCAG CACGTTATCG AATCCTTTGC CACGTAAGTC CGCATCTTCA  
          CGTGGTAGTC GTGCAATAGC TTAGGAAACG GTGCATTCAG GCGTAGAAGT  
 
    9601  TGACGACCAA AGCCAGTAAA GTAGAACGGT TTGTGGTTAA TCAGGAACTG  
          ACTGCTGGTT TCGGTCATTT CATCTTGCCA AACACCAATT AGTCCTTGAC  
 
    9651  TTCGCCCTTC ACTGCCACTG ACCGGATGCC GACGCGAAGC GGGTAGATAT  
          AAGCGGGAAG TGACGGTGAC TGGCCTACGG CTGCGCTTCG CCCATCTATA  
 
    9701  CACACTCTGT CTGGCTTTTG GCTGTGACGC ACAGTTCATA GAGATAACCT  
          GTGTGAGACA GACCGAAAAC CGACACTGCG TGTCAAGTAT CTCTATTGGA  
 
    9751  TCACCCGGTT GCCAGAGGTG CGGATTCACC ACTTGCAAAG TCCCGCTAGT  
          AGTGGGCCAA CGGTCTCCAC GCCTAAGTGG TGAACGTTTC AGGGCGATCA  
 
    9801  GCCTTGTCCA GTTGCAACCA CCTGTTGATC CGCATCACGC AGTTCAACGC  
          CGGAACAGGT CAACGTTGGT GGACAACTAG GCGTAGTGCG TCAAGTTGCG  
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    9851  TGACATCACC ATTGGCCACC ACCTGCCAGT CAACAGACGC GTGGTTACAG  
          ACTGTAGTGG TAACCGGTGG TGGACGGTCA GTTGTCTGCG CACCAATGTC  
 
    9901  TCTTGCGCGA CATGCGTCAC CACGGTGATA TCGTCCACCC AGGTGTTCGG  
          AGAACGCGCT GTACGCAGTG GTGCCACTAT AGCAGGTGGG TCCACAAGCC  
    9951  CGTGGTGTAG AGCATTACGC TGCGATGGAT TCCGGCATAG TTAAAGAAAT  
          GCACCACATC TCGTAATGCG ACGCTACCTA AGGCCGTATC AATTTCTTTA  
 
   10001  CATGGAAGTA AGACTGCTTT TTCTTGCCGT TTTCGTCGGT AATCACCATT  
          GTACCTTCAT TCTGACGAAA AAGAACGGCA AAAGCAGCCA TTAGTGGTAA  
 
   10051  CCCGGCGGGA TAGTCTGCCA GTTCAGTTCG TTGTTCACAC AAACGGTGAT  
          GGGCCGCCCT ATCAGACGGT CAAGTCAAGC AACAAGTGTG TTTGCCACTA  
 
   10101  ACCTGCACAT CAACAAATTT TGGTCATATA TTAGAAAAGT TATAAATTAA  
          TGGACGTGTA GTTGTTTAAA ACCAGTATAT AATCTTTTCA ATATTTAATT  
 
   10151  AATATACACA CTTATAAACT ACAGAAAAGC AATTGCTATA TACTACATTC  
          TTATATGTGT GAATATTTGA TGTCTTTTCG TTAACGATAT ATGATGTAAG  
 
                           SspI      SspI                         
                          ~~~~~~~   ~~~~~~                        
   10201  TTTTATTTTG AAAAAAATAT TTGAAATATT ATATTACTAC TAATTAATGA  
          AAAATAAAAC TTTTTTTATA AACTTTATAA TATAATGATG ATTAATTACT  
 
   10251  TAATTATTAT ATATATATCA AAGGTAGAAG CAGAAACTTA CGTACACTTT  
          ATTAATAATA TATATATAGT TTCCATCTTC GTCTTTGAAT GCATGTGAAA  
 
   10301  TCCCGGCAAT AACATACGGC GTGACATCGG CTTCAAATGG CGTATAGCCG  
          AGGGCCGTTA TTGTATGCCG CACTGTAGCC GAAGTTTACC GCATATCGGC  
 
   10351  CCCTGATGCT CCATCACTTC CTGATTATTG ACCCACACTT TGCCGTAATG  
          GGGACTACGA GGTAGTGAAG GACTAATAAC TGGGTGTGAA ACGGCATTAC  
 
   10401  AGTGACCGCA TCGAAACGCA GCACGATACG CTGGCCTGCC CAACCTTTCG  
          TCACTGGCGT AGCTTTGCGT CGTGCTATGC GACCGGACGG GTTGGAAAGC  
 
   10451  GTATAAAGAC TTCGCGCTGA TACCAGACGT TGCCCGCATA ATTACGAATA  
          CATATTTCTG AAGCGCGACT ATGGTCTGCA ACGGGCGTAT TAATGCTTAT  
 
   10501  TCTGCATCGG CGAACTGATC GTTAAAACTG CCTGGCACAG CAATTGCCCG  
          AGACGTAGCC GCTTGACTAG CAATTTTGAC GGACCGTGTC GTTAACGGGC  
 
   10551  GCTTTCTTGT AACGCGCTTT CCCACCAACG CTGACCAATT CCACAGTTTT  
          CGAAAGAACA TTGCGCGAAA GGGTGGTTGC GACTGGTTAA GGTGTCAAAA  
 
   10601  CGCGATCCAG ACTGAATGCC CACAGGCCGT CGAGTTTTTT GATTTCACGG  
          GCGCTAGGTC TGACTTACGG GTGTCCGGCA GCTCAAAAAA CTAAAGTGCC  
 
                                                       SmaI       
                                                      ~~~~~~      
                                                           BamHI  
                                                           ~~~~~  
   10651  GTTGGGGTTT CTACAGGACG TAACATAAGG GACTGACCTA CCCGGGGATC  
          CAACCCCAAA GATGTCCTGC ATTGTATTCC CTGACTGGAT GGGCCCCTAG  
 
            XbaI                                                  
           ~~~~~~                                                 
          BamHI                                                   
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          ~                                                       
   10701  CTCTAGAGTC GAGGTCCTCT CCAAATGAAA TGAACTTCCT TATATAGAGG  
          GAGATCTCAG CTCCAGGAGA GGTTTACTTT ACTTGAAGGA ATATATCTCC  
 
   10751  AAGGGTCTTG CGAAGGATAG TGGGATTGTG CGTCATCCCT TACGTCAGTG  
          TTCCCAGAAC GCTTCCTATC ACCCTAACAC GCAGTAGGGA ATGCAGTCAC  
 
   10801  GAGATATCAC ATCAATCCAC TTGCTTTGAA GACGTGGTTG GAACGTCTTC  
          CTCTATAGTG TAGTTAGGTG AACGAAACTT CTGCACCAAC CTTGCAGAAG  
 
   10851  TTTTTCCACG ATGTTCCTCG TGGGTGGGGG TCCATCTTTG GGACCACTGT  
          AAAAAGGTGC TACAAGGAGC ACCCACCCCC AGGTAGAAAC CCTGGTGACA  
 
   10901  CGGTAGAGGC ATCTTGAACG ATAGCCTTTC CTTTATCGCA ATGATGGCAT  
          GCCATCTCCG TAGAACTTGC TATCGGAAAG GAAATAGCGT TACTACCGTA  
 
   10951  TTGTAGAAGC CATCTTCCTT TTCTACTGTC CTTTCGATGA AGTGACAGAT  
          AACATCTTCG GTAGAAGGAA AAGATGACAG GAAAGCTACT TCACTGTCTA  
 
   11001  AGCTGGGCAA TGGAATCCGA GGAGGTTTCC CGATATTACC CTTTGTTGAA  
          TCGACCCGTT ACCTTAGGCT CCTCCAAAGG GCTATAATGG GAAACAACTT  
   11051  AAGTCTCAAT AGCCCTCTGG TCTTCTGAGA CTGTATCTTT GATATTCTTG  
          TTCAGAGTTA TCGGGAGACC AGAAGACTCT GACATAGAAA CTATAAGAAC  
 
                                                 PstI    HindIII  
                                                ~~~~~~~      ~~~  
   11101  GAGTAGACGA GAGTGTCGTG CTCCACCATG TTGACCTGCA GGCATGCAAG  
          CTCATCTGCT CTCACAGCAC GAGGTGGTAC AACTGGACGT CCGTACGTTC  
 
                                              SmaI       SacI     
                                             ~~~~~~     ~~~~~~    
          HindIII    PstI  SalI   XbaI  BamHI     KpnI     EcoRI  
          ~~~      ~~~~~~~~~~~~~~~~~~~~~~~~~~~   ~~~~~~~      ~~  
   11151  CTTGCATGCC TGCAGGTCGA CTCTAGAGGA TCCCCGGGTA CCGAGCTCGA  
          GAACGTACGG ACGTCCAGCT GAGATCTCCT AGGGGCCCAT GGCTCGAGCT  
 
          EcoRI                                                   
          ~~~~                                                    
   11201  ATTCGTAATC ATGTCATAGC TGTTTCCTGT GTGAAATTGT TATCCGCTCA  
TAAGCATTAG TACAGTATCG ACAAAGGACA CACTTTAACA ATAGGCGAGT  
 
   11251  CAATTCCACA CAACATACGA GCCGGAAGCA TAAAGTGTAA AGCCTGGGGT  
          GTTAAGGTGT GTTGTATGCT CGGCCTTCGT ATTTCACATT TCGGACCCCA  
 
   11301  GCCTAATGAG TGAGCTAACT CACATTAATT GCGTTGCGCT CACTGCCCGC  
          CGGATTACTC ACTCGATTGA GTGTAATTAA CGCAACGCGA GTGACGGGCG  
 
                                      PvuII                       
                                     ~~~~~~~                      
   11351  TTTCCAGTCG GGAAACCTGT CGTGCCAGCT GCATTAATGA ATCGGCCAAC  
          AAAGGTCAGC CCTTTGGACA GCACGGTCGA CGTAATTACT TAGCCGGTTG  
 
   11401  GCGCGGGGAG AGGCGGTTTG CGTATTGGAG CTTGAGCTTG GATCAGATTG  
          CGCGCCCCTC TCCGCCAAAC GCATAACCTC GAACTCGAAC CTAGTCTAAC  
 
   11451  TCGTTTCCCG CCTTCAGTTT AAACTATCAG TGTTTGACAG GATATATTGG  
          AGCAAAGGGC GGAAGTCAAA TTTGATAGTC ACAAACTGTC CTATATAACC  
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   11501  CGGGTAAACC TAAGAGAAAA GAGCGTTTAT TAGAATAACG GATATTTAAA  
          GCCCATTTGG ATTCTCTTTT CTCGCAAATA ATCTTATTGC CTATAAATTT  
 
   11551  AGGGCGTGAA AAGGTTTATC CGTTCGTCCA TTTGTATGTG CATGCCAACC  
          TCCCGCACTT TTCCAAATAG GCAAGCAGGT AAACATACAC GTACGGTTGG  
 
   11601  ACAGGGTTCC CCTCGGGATC AA 
          TGTCCCAAGG GGAGCCCTAG TT 
 
This sequence of pTF102 construct was obtained from Plant Transformation Facility, 
Department of Agronomy (College of Agriculture and Life Sciences), Plant Sciences 
Institute,Iowa State University,USA. 
Binary vector pBINPLUS/ARS, complete sequence is: 
1 ccgggctggt tgccctcgcc gctgggctgg cggccgtcta tggccctgca aacgcgccag 
       61 aaacgccgtc gaagccgtgt gcgagacacc gcggccgccg gcgttgtgga tacctcgcgg 
      121 aaaacttggc cctcactgac agatgagggg cggacgttga cacttgaggg gccgactcac 
      181 ccggcgcggc gttgacagat gaggggcagg ctcgatttcg gccggcgacg tggagctggc 
      241 cagcctcgca aatcggcgaa aacgcctgat tttacgcgag tttcccacag atgatgtgga 
      301 caagcctggg gataagtgcc ctgcggtatt gacacttgag gggcgcgact actgacagat 
      361 gaggggcgcg atccttgaca cttgaggggc agagtgctga cagatgaggg gcgcacctat 
      421 tgacatttga ggggctgtcc acaggcagaa aatccagcat ttgcaagggt ttccgcccgt 
      481 ttttcggcca ccgctaacct gtcttttaac ctgcttttaa accaatattt ataaaccttg 
      541 tttttaacca gggctgcgcc ctgtgcgcgt gaccgcgcac gccgaagggg ggtgcccccc 
      601 cttctcgaac cctcccggcc cgctaacgcg ggcctcccat ccccccaggg gctgcgcccc 
      661 tcggccgcga acggcctcac cccaaaaatg gcagcgctgg cagtccttgc cattgccggg 
      721 atcggggcag taacgggatg ggcgatcagc ccgagcgcga cgcccggaag cattgacgtg 
      781 ccgcaggtgc tggcatcgac attcagcgac caggtgccgg gcagtgaggg cggcggcctg 
      841 ggtggcggcc tgcccttcac ttcggccgtc ggggcattca cggacttcat ggcggggccg 
      901 gcaattttta ccttgggcat tcttggcata gtggtcgcgg gtgccgtgct cgtgttcggg 
      961 ggtgcgataa acccagcgaa ccatttgagg tgataggtaa gattataccg aggtatgaaa 
     1021 acgagaattg gacctttaca gaattactct atgaagcgcc atatttaaaa agctaccaag 
     1081 acgaagagga tgaagaggat gaggaggcag attgccttga atatattgac aatactgata 
     1141 agataatata tcttttatat agaagatatc gccgtatgta aggatttcag ggggcaaggc 
     1201 ataggcagcg cgcttatcaa tatatctata gaatgggcaa agcataaaaa cttgcatgga 
     1261 ctaatgcttg aaacccagga caataacctt atagcttgta aattctatca taattgggta 
     1321 atgactccaa cttattgata gtgttttatg ttcagataat gcccgatgac tttgtcatgc 
     1381 agctccaccg attttgagaa cgacagcgac ttccgtccca gccgtgccag gtgctgcctc 
     1441 agattcaggt tatgccgctc aattcgctgc gtatatcgct tgctgattac gtgcagcttt 
     1501 cccttcaggc gggattcata cagcggccag ccatccgtca tccatatcac cacgtcaaag 
     1561 ggtgacagca ggctcataag acgccccagc gtcgccatag tgcgttcacc gaatacgtgc 
     1621 gcaacaaccg tcttccggag actgtcatac gcgtaaaaca gccagcgctg gcgcgattta 
     1681 gccccgacat agccccactg ttcgtccatt tccgcgcaga cgatgacgtc actgcccggc 
     1741 tgtatgcgcg aggttacctg ctgccagtgg cgataagtcg tgtcttaccg ggttggactc 
     1801 aagacgatag ttaccggata aggcgcagcg gtcgggctga acggggggtt cgtgcacaca 
     1861 gcccagcttg gagcgaacga cctacaccga actgagatac ctacagcgtg agctatgaga 
     1921 aagcgccacg cttcccgaag ggagaaaggc ggacaggtat ccggtaagcg gcagggtcgg 
     1981 aacaggagag cgcacgaggg agcttccagg gggaaacgcc tggtatcttt atagtcctgt 
     2041 cgggtttcgc cacctctgac ttgagcgtcg atttttgtga tgctcgtcag gggggcggag 
     2101 cctatggaaa aacgccagca acgcggcctt tttacggttc ctggcctttt gctggccttt 
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     2161 tgctcacatg ttctttcctg cgttatcccc tgattctgtg gataaccgta ttaccgcctt 
     2221 tgagtgagct gataccgctc gccgcagccg aacgaccgag cgcagcgagt cagtgagcga 
     2281 ggaagcggaa gagcgcctga tgcggtattt tctccttacg catctgtgcg gtatttcaca 
     2341 ccgcatagtt accgactgcg gcctgagttt tttaagtgac gtaaaatcgt gttgaggcca 
     2401 acgcccataa tgcgggctgt tgcccggcat ccaacgccat tcatggccat atcaatgatt 
     2461 ttctggtgcg taccgggttg agaagcggtg taagtgaact gcagttgcca tgttttacgg 
     2521 cagtgagagc agagatagcg ctgatgtccg gcggtgcttt tgccgttacg caccaccccg 
     2581 tcagtagctg aacaggaggg acagctgata gaaacagaag ccactggagc acctcaaaaa 
     2641 caccatcata cactaaatca gtaagttggc agcatcaccc ataattgtgg tttcaaaatc 
     2701 ggctccgtcg atactatgtt atacgccaac tttgaaaaca actttgaaaa agctgttttc 
     2761 tggtatttaa ggttttagaa tgcaaggaac agtgaattgg agttcgtctt gttataatta 
     2821 gcttcttggg gtatctttaa atactgtaga aaagaggaag gaaataataa atggctaaaa 
     2881 tgagaatatc accggaattg aaaaaactga tcgaaaaata ccgctgcgta aaagatacgg 
     2941 aaggaatgtc tcctgctaag gtatataagc tggtgggaga aaatgaaaac ctatatttaa 
     3001 aaatgacgga cagccggtat aaagggacca cctatgatgt ggaacgggaa aaggacatga 
     3061 tgctatggct ggaaggaaag ctgcctgttc caaaggtcct gcactttgaa cggcatgatg 
     3121 gctggagcaa tctgctcatg agtgaggccg atggcgtcct ttgctcggaa gagtatgaag 
     3181 atgaacaaag ccctgaaaag attatcgagc tgtatgcgga gtgcatcagg ctctttcact 
     3241 ccatcgacat atcggattgt ccctatacga atagcttaga cagccgctta gccgaattgg 
     3301 attacttact gaataacgat ctggccgatg tggattgcga aaactgggaa gaagacactc 
     3361 catttaaaga tccgcgcgag ctgtatgatt ttttaaagac ggaaaagccc gaagaggaac 
     3421 ttgtcttttc ccacggcgac ctgggagaca gcaacatctt tgtgaaagat ggcaaagtaa 
     3481 gtggctttat tgatcttggg agaagcggca gggcggacaa gtggtatgac attgccttct 
     3541 gcgtccggtc gatcagggag gatatcgggg aagaacagta tgtcgagcta ttttttgact 
     3601 tactggggat caagcctgat tgggagaaaa taaaatatta tattttactg gatgaattgt 
     3661 tttagtacct agatgtggcg caacgatgcc ggcgacaagc aggagcgcac cgacttcttc 
     3721 cgcatcaagt gttttggctc tcaggccgag gcccacggca agtatttggg caaggggtcg 
     3781 ctggtattcg tgcagggcaa gattcggaat accaagtacg agaaggacgg ccagacggtc 
     3841 tacgggaccg acttcattgc cgataaggtg gattatctgg acaccaaggc accaggcggg 
     3901 tcaaatcagg aataagggca cattgccccg gcgtgagtcg gggcaatccc gcaaggaggg 
     3961 tgaatgaatc ggacgtttga ccggaaggca tacaggcaag aactgatcga cgcggggttt 
     4021 tccgccgagg atgccgaaac catcgcaagc cgcaccgtca tgcgtgcgcc ccgcgaaacc 
     4081 ttccagtccg tcggctcgat ggtccagcaa gctacggcca agatcgagcg cgacagcgtg 
     4141 caactggctc cccctgccct gcccgcgcca tcggccgccg tggagcgttc gcgtcgtctc 
     4201 gaacaggagg cggcaggttt ggcgaagtcg atgaccatcg acacgcgagg aactatgacg 
     4261 accaagaagc gaaaaaccgc cggcgaggac ctggcaaaac aggtcagcga ggccaagcag 
     4321 gccgcgttgc tgaaacacac gaagcagcag atcaaggaaa tgcagctttc cttgttcgat 
     4381 attgcgccgt ggccggacac gatgcgagcg atgccaaacg acacggcccg ctctgccctg 
     4441 ttcaccacgc gcaacaagaa aatcccgcgc gaggcgctgc aaaacaaggt cattttccac 
     4501 gtcaacaagg acgtgaagat cacctacacc ggcgtcgagc tgcgggccga cgatgacgaa 
     4561 ctggtgtggc agcaggtgtt ggagtacgcg aagcgcaccc ctatcggcga gccgatcacc 
     4621 ttcacgttct acgagctttg ccaggacctg ggctggtcga tcaatggccg gtattacacg 
     4681 aaggccgagg aatgcctgtc gcgcctacag gcgacggcga tgggcttcac gtccgaccgc 
     4741 gttgggcacc tggaatcggt gtcgctgctg caccgcttcc gcgtcctgga ccgtggcaag 
     4801 aaaacgtccc gttgccaggt cctgatcgac gaggaaatcg tcgtgctgtt tgctggcgac 
     4861 cactacacga aattcatatg ggagaagtac cgcaagctgt cgccgacggc ccgacggatg 
     4921 ttcgactatt tcagctcgca ccgggagccg tacccgctca agctggaaac cttccgcctc 
     4981 atgtgcggat cggattccac ccgcgtgaag aagtggcgcg agcaggtcgg cgaagcctgc 
     5041 gaagagttgc gaggcagcgg cctggtggaa cacgcctggg tcaatgatga cctggtgcat 
     5101 tgcaaacgct agggccttgt ggggtcagtt ccggctgggg gttcagcagc cagcgcttta 
     5161 ctggcatttc aggaacaagc gggcactgct cgacgcactt gcttcgctca gtatcgctcg 
     5221 ggacgcacgg cgcgctctac gaactgccga taaacagagg attaaaattg acaattgtga 
     5281 ttaaggctca gattcgacgg cttggagcgg ccgacgtgca ggatttccgc gagatccgat 
     5341 tgtcggccct gaagaaagct ccagagatgt tcgggtccgt ttacgagcac gaggagaaaa 
     5401 agcccatgga ggcgttcgct gaacggttgc gagatgccgt ggcattcggc gcctacatcg 
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     5461 acggcgagat cattgggctg tcggtcttca aacaggagga cggccccaag gacgctcaca 
     5521 aggcgcatct gtccggcgtt ttcgtggagc ccgaacagcg aggccgaggg gtcgccggta 
     5581 tgctgctgcg ggcgttgccg gcgggtttat tgctcgtgat gatcgtccga cagattccaa 
     5641 cgggaatctg gtggatgcgc atcttcatcc tcggcgcact taatatttcg ctattctgga 
     5701 gcttgttgtt tatttcggtc taccgcctgc cgggcggggt cgcggcgacg gtaggcgctg 
     5761 tgcagccgct gatggtcgtg ttcatctctg ccgctctgct aggtagcccg atacgattga 
     5821 tggcggtcct gggggctatt tgcggaactg cgggcgtggc gctgttggtg ttgacaccaa 
     5881 acgcagcgct agatcctgtc ggcgtcgcag cgggcctggc gggggcggtt tccatggcgt 
     5941 tcggaaccgt gctgacccgc aagtggcaac ctcccgtgcc tctgctcacc tttaccgcct 
     6001 ggcaactggc ggccggagga cttctgctcg ttccagtagc tttagtgttt gatccgccaa 
     6061 tcccgatgcc tacaggaacc aatgttctcg gcctggcgtg gctcggcctg atcggagcgg 
     6121 gtttaaccta cttcctttgg ttccggggga tctcgcgact cgaacctaca gttgtttcct 
     6181 tactgggctt tctcagcccc agatctgggg tcgatcagcc ggggatgcat caggccgaca 
     6241 gtcggaactt cgggtccccg acctgtacca ttcggtgagc aatggatagg ggagttgata 
     6301 tcgtcaacgt tcacttctaa agaaatagcg ccactcagct tcctcagcgg ctttatccag 
     6361 cgatttccta ttatgtcggc atagttctca agatcgacag cctgtcacgg ttaagcgaga 
     6421 aatgaataag aaggctgata attcggatct ctgcgaggga gatgatattt gatcacaggc 
     6481 agcaacgctc tgtcatcgtt acaatcaaca tgctaccctc cgcgagatca tccgtgtttc 
     6541 aaacccggca gcttagttgc cgttcttccg aatagcatcg gtaacatgag caaagtctgc 
     6601 cgccttacaa cggctctccc gctgacgccg tcccggactg atgggctgcc tgtatcgagt 
     6661 ggtgattttg tgccgagctg ccggtcgggg agctgttggc tggctggtgg caggatatat 
     6721 tgtggtgtaa acaaattgac gcttagacaa cttaataaca cattgcggac gtttttaatg 
     6781 tactggccgg ccaaagcaca tacttatcga tttaaatttc atcgaagaga ttaatatcga 
     6841 ataatcatat acatacttta aatacataac aaattttaaa tacatatatc tggtatataa 
     6901 ttaatttttt aaagtcatga agtatgtatc aaatacacat atggaaaaaa ttaactattc 
     6961 ataatttaaa aaatagaaaa gatacatcta gtgaaattag gtgcatgtat caaatacatt 
     7021 aggaaaaggg catatatctt gatctagata attaacgatt ttgatttatg tataatttcc 
     7081 aaatgaaggt ttatatctac ttcagaaata acaatatact tttatcagaa cattcaacaa 
     7141 agcaacaacc aactagagtg aaaaatacac attgttctct agacatacaa aattgagaaa 
     7201 agaatctcaa aatttagaga aacaaatctg aatttctaga agaaaaaaat aattatgcac 
     7261 tttgctattg ctcgaaaaat aaatgaaaga aattagactt ttttaaaaga tgttagacta 
     7321 gatatactca aaagctatta aaggagtaat attcttctta cattaagtat tttagttaca 
     7381 gtcctgtaat taaagacaca ttttagattg tatctaaact taaatgtatc tagaatacat 
     7441 atatttgaat gcatcatata catgtatccg acacaccaat tctcataaaa aacgtaatat 
     7501 cctaaactaa tttatccttc aagtcaactt aagcccaata tacattttca tctctaaagg 
     7561 cccaagtggc acaaaatgtc aggcccaatt acgaagaaaa gggcttgtaa aaccctaata 
     7621 aagtggcact ggcagagctt acactctcat tccatcaaca aagaaaccct aaaagccgca 
     7681 gcgccactga tttctctcct ccaggcgaag atgcagatct tcgtgaagac cttaacgggg 
     7741 aagacgatca ccctagaggt tgagtcttcc gacaccatcg acaatgtcaa agccaagatc 
     7801 caggacaagg aagggattcc cccagaccag cagcgtttga ttttcgccgg aaagcagctt 
     7861 gaggatggtc gtactcttgc cgactacaac atccagaagg agtcaactct ccatctcgtg 
     7921 ctccgtctcc gtggtggtag tttaaacatg attgaacaag atggattgca cgcaggttct 
     7981 ccggccgctt gggtggagag gctattcggc tatgactggg cacaacagac aatcggctgc 
     8041 tctgatgccg ccgtgttccg gctgtcagcg caggggcgcc cggttctttt tgtcaagacc 
     8101 gacctgtccg gtgccctgaa tgaactgcag gacgaggcag cgcggctatc gtggctggcc 
     8161 acgacgggcg ttccttgcgc agctgtgctc gacgttgtca ctgaagcggg aagggactgg 
     8221 ctgctattgg gcgaagtgcc ggggcaggat ctcctgtcat ctcaccttgc tcctgccgag 
     8281 aaagtatcca tcatggctga tgcaatgcgg cggctgcata cgcttgatcc ggctacctgc 
     8341 ccattcgacc accaagcgaa acatcgcatc gagcgagcac gtactcggat ggaagccggt 
     8401 cttgtcgatc aggatgatct ggacgaagag catcaggggc tcgcgccagc cgaactgttc 
     8461 gccaggctca aggcgcgcat gcccgacggc gaggatctcg tcgtgaccca tggcgatgcc 
     8521 tgcttgccga atatcatggt ggaaaatggc cgcttttctg gattcatcga ctgtggccgg 
     8581 ctgggtgtgg cggaccgcta tcaggacata gcgttggcta cccgtgatat tgctgaagag 
     8641 cttggcggcg aatgggctga ccgcttcctc gtgctttacg gtatcgccgc tcccgattcg 
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     8701 cagcgcatcg ccttctatcg ccttcttgac gagttcttct gagtttaaac tgattttaat 
     8761 gtttagcaaa tgtcttatca gttttctctt tttgtcgaac ggtaatttag agtttttttt 
     8821 gctatatgga ttttcgtttt tgatgtatgt gacaaccctc gggattgttg atttatttca 
     8881 aaactaagag tttttgtctt attgttctcg tctattttgg atatcaatct tagttttata 
     8941 tcttttctag ttctctacgt gttaaatgtt caacacacta gcaatttggc ctgccagcgt 
     9001 atggattatg gaactatcaa gtgtgtggga tcgataaata tgcttctcag gaatttgaga 
     9061 ttttacagtc tttatgctca ttcccttgag tataatatag taaaaaaata gtaaatttaa 
     9121 gcaataatgt taggtgctat gtgtctgtcg agactattgg ccggccatcg atggtttcat 
     9181 tggtgacgtt tccggccttg ctaatggtaa tggtgctact ggtgattttg ctggctctaa 
     9241 ttcccaaatg gctcaagtcg gtgacggtga taattcacct ttaatgaata atttccgtca 
     9301 atatttacct tccctccctc aatcggttga atgtcgccct tttgtctttg gcccaatacg 
     9361 caaaccgcct ctccccgcgc gttggccgat tcattaatgc agctggcacg acaggtttcc 
     9421 cgactggaaa gcgggcagtg agcgcaacgc aattaatgtg agttagctca ctcattaggc 
     9481 accccaggct ttacacttta tgcttccggc tcgtatgttg tgtggaattg tgagcggata 
     9541 acaatttcac acaggaaaca gctatgacca tgattacgcc aagctggcgc gccaagcttg 
     9601 catgcctgca ggtcgactct agaggatccc cgggtaccga gctcgaattc ttaattaaca 
     9661 attcactggc cgtcgtttta caacgtcgtg actgggaaaa ccctggcgtt acccaactta 
     9721 atcgccttgc agcacatccc cctttcgcca gctggcgtaa tagcgaagag gcccgcaccg 
     9781 atcgcccttc ccaacagttg cgcagcctga atggcgcccg ctcctttcgc tttcttccct 
     9841 tcctttctcg ccacgttcgc cggctttccc cgtcaagctc taaatcgggg gctcccttta 
     9901 gggttccgat ttagtgcttt acggcacctc gaccccaaaa aacttgattt gggtgatggt 
     9961 tcacaaacta tcagtgtttg acaggatata ttggcgggta aacctaagag aaaagagcgt 
    10021 ttattagaat aatcggatat ttaaaagggc gtgaaaaggt ttatccgttc gtccatttgt 
    10081 atgtgcatgc caaccacagg gttccccaga tctggcgccg gccagcgaga cgagcaagat 
    10141 tggccgccgc ccgaaacgat ccgacagcgc gcccagcaca ggtgcgcagg caaattgcac 
    10201 caacgcatac agcgccagca gaatgccata gtgggcggtg acgtcgttcg agtgaaccag 
    10261 atcgcgcagg aggcccggca gcaccggcat aatcaggccg atgccgacag cgtcgagcgc 
    10321 gacagtgctc agaattacga tcaggggtat gttgggtttc acgtctggcc tccggaccag 
    10381 cctccgctgg tccgattgaa cgcgcggatt ctttatcact gataagttgg tggacatatt 
    10441 atgtttatca gtgataaagt gtcaagcatg acaaagttgc agccgaatac agtgatccgt 
    10501 gccgccctgg acctgttgaa cgaggtcggc gtagacggtc tgacgacacg caaactggcg 
    10561 gaacggttgg gggttcagca gccggcgctt tactggcact tcaggaacaa gcgggcgctg 
    10621 ctcgacgcac tggccgaagc catgctggcg gagaatcata cgcattcggt gccgagagcc 
    10681 gacgacgact ggcgctcatt tctgatcggg aatgcccgca gcttcaggca ggcgctgctc 
    10741 gcctaccgcg atggcgcgcg catccatgcc ggcacgcgac cgggcgcacc gcagatggaa 
    10801 acggccgacg cgcagcttcg cttcctctgc gaggcgggtt tttcggccgg ggacgccgtc 
    10861 aatgcgctga tgacaatcag ctacttcact gttggggccg tgcttgagga gcaggccggc 
    10921 gacagcgatg ccggcgagcg cggcggcacc gttgaacagg ctccgctctc gccgctgttg 
    10981 cgggccgcga tagacgcctt cgacgaagcc ggtccggacg cagcgttcga gcagggactc 
    11041 gcggtgattg tcgatggatt ggcgaaaagg aggctcgttg tcaggaacgt tgaaggaccg 
    11101 agaaagggtg acgattgatc aggaccgctg ccggagcgca acccactcac tacagcagag 
    11161 ccatgtagac aacatcccct ccccctttcc accgcgtcag acgcccgtag cagcccgcta 
    11221 cgggcttttt catgccctgc cctagcgtcc aagcctcacg gccgcgctcg gcctctctgg 
    11281 cggccttctg gcgctcttcc gcttcctcgc tcactgactc gctgcgctcg gtcgttcggc 
    11341 tgcggcgagc ggtatcagct cactcaaagg cggtaatacg gttatccaca gaatcagggg 
    11401 ataacgcagg aaagaacatg tgagcaaaag gccagcaaaa ggccaggaac cgtaaaaagg 
    11461 ccgcgttgct ggcgtttttc cataggctcc gcccccctga cgagcatcac aaaaatcgac 
    11521 gctcaagtca gaggtggcga aacccgacag gactataaag ataccaggcg tttccccctg 
    11581 gaagctccct cgtgcgctct cctgttccga ccctgccgct taccggatac ctgtccgcct 
    11641 ttctcccttc gggaagcgtg gcgcttttcc gctgcataac cctgcttcgg ggtcattata 
    11701 gcgatttttt cggtatatcc atcctttttc gcacgatata caggattttg ccaaagggtt 
    11761 cgtgtagact ttccttggtg tatccaacgg cgtcagccgg gcaggatagg tgaagtaggc 
    11821 ccacccgcga gcgggtgttc cttcttcact gtcccttatt cgcacctggc ggtgctcaac 
    11881 gggaatcctg ctctgcgagg ctggccggct accgccggcg taacagatga gggcaagcgg 
    11941 atggctgatg aaaccaagcc aaccaggaag ggcagcccac ctatcaaggt gtactgcctt 
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    12001 ccagacgaac gaagagcgat tgaggaaaag gcggcggcgg ccggcatgag cctgtcggcc 
    12061 tacctgctgg ccgtcggcca gggctacaaa atcacgggcg tcgtggacta tgagcacgtc 
    12121 cgcgagctgg cccgcatcaa tggcgacctg ggccgcctgg gcggcctgct gaaactctgg 
    12181 ctcaccgacg acccgcgcac ggcgcggttc ggtgatgcca cgatcctcgc cctgctggcg 
    12241 aagatcgaag agaagcagga cgagcttggc aaggtcatga tgggcgtggt ccgcccgagg 
    12301 gcagagccat gactttttta gccgctaaaa cggccggggg gtgcgcgtga ttgccaagca 
    12361 cgtccccatg cgctccatca agaagagcga cttcgcggag ctggtgaagt acatcaccga 
    12421 cgagcaaggc aagaccgagc gcctttgcga cgctca 
 
 
 
